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EXECUTIVE SUMMARY 
 
The construction industry is rapidly changing. The forces driving these changes are largely 
technological. Consequently there is a strong need to utilize and harness the technology that is 
now available to business and the individual. The construction industry has realised the potential 
benefits of information and communication technology (ICT) compared with other industries.  
 
The aim of this report is to identify technology issues and processes that could lead to more 
effective use of technology mediated communications, integration and decision support in the 
construction industry, particularly within project teams.  
 
Background 
 
The advent of new technologies, specifically communication and information technologies (ICT), 
brings with it demand by clients for organisations to provide better service. In accordance with 
this trend, essentially project success relies on the effective implementation and utilisation of 
these technologies for the benefit of the organisation, the client, the project and the individual. 
Such a statement belies the complexity of the problem, however it does identify the key players 
and the crux of the problem; effective and timely communication of relevant information.  
 
The perspective adopted for this report is that of “people and process”. By this, we refer to the 
individuals that participate in any project and the processes necessary for the timely completion 
of a given project. From this perspective, four key issues were identified from the literature. They 
are: 
• Constructability 
• Project Team Dynamics 
• Knowledge Management 
• Information Visualisation 
 
Constructability 
 
Constructability, at first, does not appear to be as relevant as the other areas identified. 
However, McGeorge and Palmer (1997) identified it as the only management concept developed 
by the construction industry for the construction industry. The alleged difference between 
constructability and other management techniques relevant to construction arises from the 
separation of the design and construction processes. This different led to various 
communication, cooperation and coordination issues.  
 
Project Team Dynamics 
 
A key factor in the achievement of successful project outcomes is the nature of the relationships 
between members of the project teams. Systems have been developed to measure the 
performance of individuals and projects, but research into project team dynamics, relating to the 
construction industry, is limited. Much was published on relationships between project 
participants, initially prompted by issues such as alternative procurement systems, but of late 
this has developed into areas relating to partnering, strategic alliances and supply chain 
management. One outcome has been the realization that different participants play in different 
projects and furthermore that these relationships change from project to project. Therefore there 
is a huge scope for addressing the changing types and channels of communication with projects 
and between projects for participants.  
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Knowledge Management 
 
Knowledge management is the collection of processes that govern the creation, dissemination 
and utilisation of knowledge (Newman, 1991, pg3). This knowledge irrespective of content 
requires management if an organisation is to operate to its potential. For effective 
communication, an important step is the timely and efficient management of information in its 
various forms. Communication is an aspect of knowledge, but knowledge is not always found in 
communication. Effective capture of the knowledge found in communication has the potential to 
aid current and future business processes and transactions. The presentation of this knowledge 
and information becomes the next task for the ICT aware project or organisation. 
 
Information Visualisation 
 
A form of information management that aids the retrieval of complex project information from a 
project lifecycle is an information visualisation tool. Such tools can retrieve complex information 
and generate a visual representation of the results, offering insightful possibilities or options, as 
a means to foster further exploration of data. Such a tool would incorporate methods such as 
knowledge discovery, and data mining.  
 
Information visualisation is a way to reveal insights about information by visual interpretation. It 
is intended to ‘optimize the use of our perceptual and visual- thinking ability in dealing with 
phenomenon that might not lend itself to visual-spatial representations (Chen, 2002)’. 
Visualisation tools have been developed in the areas of virtual environments, interactive data 
exploration and multidimensional analysis. These tools are used to display the current and future 
capabilities of information visualisation.  
 
Information visualisation aims at reducing the ‘complexity of examination and understanding of 
information for humans, by designing proper techniques for the visual display of data (Chittaro, 
2001)’. These techniques also aim to achieve a number of goals: 
 
1. Allowing users to explore data at various levels of abstraction 
2. Giving users a greater sense of engagement with data  
3. Giving users a deeper understanding of data  
4. Encouraging the discovery of details and relations which would be difficult to notice 
otherwise 
5. Supporting the recognition of relevant patterns by exploiting the visual recognition 
capabilities of users.  
 
Therefore the benefits of information visualisation are clear within the communication context; it 
aims to present complex information in a manner that is compatible to the individual the data. 
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1. INTRODUCTION 
 
Issues of poor communication, information transmission, coordination and teamwork have been 
identified as the cause of most of the performance problems in the construction industry. A 
stream of industry reports from the US, UK and Australia have confirmed this. The failure to 
achieve significant improvements in what are well defined issues can be linked to the hitherto 
limited capacity to conceptualise and manage the very complex dynamics in project processes 
throughout the project lifecycle.  
 
Recent developments in information and communication technologies provide a platform to 
achieve quantum improvements in project performance by facilitating better communication, 
coordination and decision support among project participants through the whole of the project 
lifecycle. Project communications that make use of the extensive on-line or IT based technology, 
have the potential for saving considerable time during the various design and construction 
stages.  This scoping study aims at identifying the major issues and dynamics that should be 
taken into consideration in the use of information and communication technology to integrate the 
project team through communication, coordination and decision support.  
 
1.1. Industry Background 
 
The construction industry, like many other manufacturing industries, involves a wide range of 
different activities and specialist participants from the design and pre-design stages of projects 
through to the construction and maintenance of the completed product. Each of the different 
activities generates and/or uses information and the different participants need to engage in an 
effective communication network so that relevant information flows are not impeded. In reality, 
the fragmentation and barriers to effective flows of information between participants has been a 
major obstacle to productivity and quality in the industry (Mathur and McGeorge, 1993; Royal 
Commission into Productivity in the Building Industry in New South Wales , 1992). 
 
Most manufacturing industries are geared to long production runs which allow a relatively high 
investment in refinement of the design and production processes of each product. The building 
industry however, is characterised by projects that are almost all unique and highly complex. 
There is also generally an inverse relationship between production and coordination costs. This 
highlights the imperative to develop improved coordination and integration and presents a major 
challenge for professional participants in the construction industry. 
 
The development of computer technology in the building industry has largely resulted in 
improvements within the specialist functions. Arguably, this has exacerbated the separations 
between specialist functions. At the same time, the technology also offers the technical means to 
promote coordination and integration between different participants and functions. The 
development of "hard" technology which largely results in improvements in specific functions 
needs to be matched by the ability of decision takers to maintain and improve coordination and 
integration across these functions.  
 
The following discussion focuses on four “soft” technologies that are considered vital for 
organisational survival in the evolving construction industry. Although there exists a multitude of 
“hard” technologies to accommodate the changing nature of the construction industry there lacks 
an awareness of basic organisational processes that need to accompany this change if 
organisations are to maintain competitive advantage.  The areas identified in this study include; 
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constructability, project team dynamics, knowledge management and learning in temporary 
organisations and the visualisation of complex project information. From the following review it is 
apparent that although each possess a plethora of associated hardware, they all lack the basic 
framework vital for successful implementation. Therefore greater attention is required if industry 
participants wish to remain competitive. 
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2. LITERATURE REVIEWS 
 
 
2.1. Constructability 
 
Buildability and constructability are synonyms for a concept that has evolved over a number of 
years. McGeorge and Palmer (1997) identified it as the only management concept to have been 
designed and developed by the construction industry for the construction industry. They 
suggested that this is because the separation of design and construction processes is unique to 
the construction industry. 
 
In the early sixties, the division between the process of design and construction was recognised 
as contributing to inefficiencies throughout the construction industry. The problem was seen to 
be that of communication and coordination between contractual parties, and the focus was on 
the need for greater cooperation and coordination of the people and processes involved in 
construction. Emmerson (1962) identified a number of specific factors contributing to potential 
inefficiency in the construction industry including: 
 
• inadequate documentation of projects before they are put out for tender; 
 
• complex and inefficient pre-contract design procedures;  
 
• lack of communication between architects and contractors, subcontractors and other 
consultants. 
 
Banwell (1964) supported this with his view that in the traditional contracting situation, the 
contractor is too far from the design stage for his specialised knowledge to be put to use. He 
suggested that the complexities of modern construction and its requirement for specialised 
techniques demand that the design process and the construction stage should not be regarded 
as separate fields of activity. 
 
The Tavistock Report (Higgin and Jessop, 1963) identified numerous problems of 
miscommunication between contractual parties attributable to the pattern of relationships and 
the division of responsibility within the building team. It stated that “effective achievement of the 
common design task requires full and continuous interchange of information...there is a need for 
more ‘carry-over’ in the coordination with respect to design and construction phases”. 
 
2.1. 2. Evolution of the Buildability/Constructability Concept 
 
A number of stages in the evolution of the Buildability/Constructability concept can be identified 
and related to research efforts in different parts of the world and by different groups of 
researchers. These include research by: 
- the Construction Industry Research and Information Association (CIRIA) in the 
UK; 
- the Construction Industry Institute (CII) in the USA; 
- the Construction Industry Institute of Australia (CIIA); and 
- the Building Performance Research Group at the University of Newcastle in 
Australia.  
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"Buildability" emerged as an identified issue in construction management in the late 1970's in the 
UK. Although it was researched and reviewed intensively for about a decade in the UK 
construction industry, its potential was not fully exploited.  
 
The early approach taken by the Construction Industry Research and Information Association 
(CIRIA) and researchers in the UK, which regarded buildability as a problem that arose simply 
from the division between designers and builders, led researchers to focus on technical issues 
such as design detailing, and site and construction planning (Gray, 1983; Adams, 1989; 
Ferguson, 1989).  
 
The prevailing debate at the time centred very much on looking for causes of buildability 
problems and blame allocation. Most industry commentators and researchers tended to see 
buildability as a function that is within the influence or control of the designer. Illingworth (1984) 
went as far as to suggest that the problem of buildability was exacerbated because designers 
and others in the professional team resented the involvement of contractors in the design 
process.  
 
This narrow focus ultimately limited the ability of researchers to identify satisfactory responses to 
a complex problem. It was interesting to note that at the Conference on Buildability in Barbican 
in 1983, the only view advocating a broad systemic approach to buildability was that of American 
designer Robert Feitl (Coombs, 1983). 
 
The American Construction Industry Institute (CII) used a different approach to investigate 
constructability problems. They used industry case studies that allowed researchers to obtain a 
holistic understanding of the issues. This lead to the understanding that different stages of the 
project life cycle would relate to different issues in constructability. The research approach was 
informed by task force members who were in the main experienced industry people with intuitive 
appreciation for the practical issues. 
 
The Australian Construction Industry Institute (CIIA) adopted the operational model of the CII so 
their research approach was also shaped by inputs from experienced industry practitioners. 
They also used the case study approach, which enabled a holistic perspective to be maintained. 
In contrast with the CII constructability strategy, which advocated three different sets of concepts 
for the three main stages of activities investigated, the CIIA proposed twelve principles that 
would be relevant with different emphases over the five different life cycle stages of a project. 
 
The Building Performance Research Group (BPRG) at the University of Newcastle in Australia 
took a totally different research approach that was strongly influenced by the inclination of the 
research team towards systems methodology. They started with a conceptualisation of the 
buildability problem as one that derived from a complex system. The complex relations that 
contributed to buildability were then modelled and the principles underlying this model 
explicated. 
 
The research approaches and results obtained by the CII, CIIA and the BPRG showed 
remarkable convergence although initial work of the BPRG was conducted quite independently 
of the two construction industry institutes.  
 
Several researchers in this field have discussed the difficulty in defining the appropriate 
boundaries for the buildability model (Gray, 1983; Bishop, 1985; Griffith, 1986). On the one 
hand, there is the inherent problem of attempting to formulate a simplistic model for universal 
application. This approach tends to equate buildability with a set of motherhood statements and 
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usually produces a model, which has very little prospect for practical implementation. 
Conversely, very narrowly focused definitions may result in models that fail to realise the full 
potential of the buildability approach (Chen and McGeorge, 1994). 
 
2.1.3. Buildability Research by CIRIA 
 
A widely accepted definition of buildability in early research was coined by the Construction 
Industry Research and Information Association (CIRIA, 1983) as: "the extent to which the design 
of a building facilitates ease of construction, subject to the overall requirements for the 
completed building".  
 
This view was taken by CIRIA because of the perception that buildability problems existed 
"...probably because of the comparative isolation of many designers from the practical 
construction process. The shortcomings as seen by the builders were not the personal 
shortcomings of particular people, but of the separation of the design and construction functions 
which has characterised the U.K. building industry over the last century or so (CIRIA, 1983)." 
 
The CIRIA definition focused on the link between design and construction and implied that 
factors which are solely within the influence or control of the design team are those which have a 
significant impact on the ease of construction of a project. The concept was recognised as an 
issue within an integrated design-management context.  
 
Good buildability required the design of a building, structure or other construction project to 
inherently consider the construction phase with emphasis on the method of construction, the 
sequence of work, the overlap and interrelation of activities and the way which these are 
incorporated into the overall design.  
 
A number of other British studies (Griffith, 1986; NEDO, 1983; NEDO, 1987) in the same era 
addressed the disparity between design and construction and recommended the need to bridge 
these two functions.  
 
Adams (1989) in further work commissioned by CIRIA developed sixteen guiding principles for 
achieving buildability. These are summarised as: 
 
• investigate thoroughly 
• consider access at the design stage 
• consider storage at the design stage 
• design for minimum time below ground 
• design for early enclosure 
• use suitable materials 
• design for the skills available 
• design for simple assembly 
• plan for maximum repetition and/or standardisation 
• maximise the use of plant 
• allow for sensible tolerances 
• allow for a practical sequence of operations 
• avoid return visits by trades 
• plan to avoid change to work by subsequent operations 
• design for safe construction 
• communicate clearly 
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The inadequacy of the view that buildability is only a design-oriented activity has been 
recognised (Griffith 1986) and is reflected in the loss of some momentum in the research effort in 
the field in the U.K after the end of the 1980’s. 
 
2.1.4. Constructability development by the Construction Industry Institute (CII) 
 
In the same period, the Business Roundtable in the United States, prompted by the declining 
cost-effectiveness and quality of the American construction industry, addressed the issue of 
'constructability' which was later defined by the Construction Industry Institute (CII, 1986) as "the 
optimum integration of construction knowledge and experience in planning, engineering, 
procurement and field operations in the building process and balancing the various project 
objectives and environmental constraints to achieve overall project objectives".  
 
The CII task forces that researched constructability used a case study approach and identified 
different requirements for the conceptual planning stage (Tatum, et al., 1986), the engineering 
and procurement phases of a project (O’Connor et al., 1986), and the constructability 
improvements that can be made during field operations (O’Connor and Davis, 1988).  
 
Russell et al. (1993) later reviewed the implementation of constructability principles, developing 
a project-level model of procedures to assist organisations in implementing constructability. 
 
The implementation strategy of the CII was based on the promotion of a 'constructability system' 
incorporating a number of components which are described in a “constructability concepts file” 
for program implementation (CII, 1986; 1987a; 1987b; 1993). Six concepts were identified for the 
conceptual planning stage, seven concepts for the design and procurement phases and one for 
the field operations phase. 
 
These were: 
 
1) Conceptual Planning 
 • site layouts promote efficient construction 
 • constructability programs are an integral part of project implementation plans 
 • project planning requires construction knowledge and experience 
 • early construction involvement in the development of contracting strategy 
 • project schedules are construction sensitive 
 • basic design approaches consider major construction methods 
 
2) Design and Procurement 
 • design for accessibility of personnel, materials and equipment 
 • design for construction in adverse weather and remote locations 
 • design and procurement schedules are construction sensitive 
 • design to enable efficient construction 
 • design elements are standardised 
 • specifications developed for construction and procurement efficiency 
 • design for modularisation/pre-assembly to facilitate fabrication/transportation 
 
3) Field Operations 
 • contractor use of innovative methods 
 
The CII promoted the concept of constructability as a total system concept, placing emphasis on 
the commitment and adoption of a total program (CII, 1987b). The essence of the system was 
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seen to be an understanding of the cost influence curve applied to a systematic program 
consisting of (Griffith and Sidwell, 1995): 
 
• self assessment of the extent to which the organisation achieved constructability 
• development of a written policy towards constructability 
• senior executives sponsoring and having a commitment to the implementation of 
constructability 
• organisational culture embracing constructability 
• knowledge of implementation procedures based on the concepts file 
• reviews of projects and lessons learnt through experience 
• maintenance of a database of constructability savings for later reference 
 
The constructability implementation strategy focused on: 
 
• high level corporate commitment to establish functional support, organisation and 
procedures; 
• identification of constructability barriers and tactical use of “barrier breakers”; 
• the development of a “lessons-learned” database to inform on-going constructability 
implementation; 
• evaluation of corporate program effectiveness and modification of organisation and 
procedures. 
 
The cost influence curve, illustrated at Figure 1 is a fundamental notion in the CII’s approach to 
constructability. The early consideration of constructability when the ability to influence project 
costs is higher was seen to be the key to achieving better performance and better value for 
money from the client’s point of view. 
 
Figure 1: Cost Influence Curve 
 
A
bi
lit
y 
to
 In
flu
en
ce
 C
os
t
Project Life Time
Feasibility
Conceptual Design
Detailed Design
Construction
Post Construction
 
 
 
 
 
 
15 
2.1.5. Development of Constructability Principles by the CIIA 
 
There was no significant research into buildability in Australia prior to 1988 (Hon et al., 1988) 
and some of the early published work looked to the developments in the UK (Miller, 1990) and 
the USA for leads.  
 
In the early 1990's, the Construction Industry Institute, Australia (CIIA) followed the CII approach 
and adapted their constructability process to Australian conditions. In doing so, the CIIA (CIIA, 
1992) adopted a slightly modified definition of constructability as “a system for achieving 
optimum integration of construction knowledge in the building process and balancing the various 
project and environmental constraints to achieve maximisation of project goals and building 
performance”. 
 
The CIIA used an industry based task force to review the work of the CII and developed 
construction information within the Australian context. This initially led to seventeen principles 
being identified and tested with feedback from 21 experienced construction personnel. This 
resulted in the production of the Constructability Principles File (CIIA, 1992) comprising twelve 
overriding concepts of constructability representing current best practice applicable over five 
project life cycle stages. The twelve principles espoused (Francis and Sidwell, 1996) were: 
 
1) Integration: Constructability must be made an integral part of the project plan. 
2) Construction knowledge: Project planning must actively involve construction knowledge and 
experience. 
3) Team skills: The experience, skills and composition of the project team must be appropriate 
for the project. 
4) Corporate objectives: Constructability is enhanced when the project team gains an 
understanding of the clients' corporate and project objectives. 
5) Available resources: The technology of the design solution must be matched with the skills 
and resources available. 
6) External factors: External factors can affect the cost and/or program of the project. 
7) Program: The overall program for the project must be realistic, construction sensitive and 
have the commitment of the project team. 
8) Construction methodology: Project design must consider construction methodology. 
9) Accessibility: Constructability will be enhanced if construction accessibility is considered in 
the design and construction stages of the project. 
10) Specifications: Project constructability is enhanced when construction efficiency is 
considered in specification development. 
11) Construction innovation: The use of innovative techniques during construction will enhance 
constructability. 
12) Feedback: Constructability can be enhanced on similar future projects if a post construction 
analysis is undertaken by the project team. 
 
The project life cycle stages to which these twelve principles were applied with varying 
emphases were: 
 
• feasibility  
• conceptual design 
• detailed design 
• construction 
• post construction 
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The approach of the CIIA is to encourage project teams to apply practical measures, developed 
by consideration of key issues rather than to prescribe specific procedures, to improve the 
construction process. It also promoted the cost-influence curve as a fundamental concept of the 
constructability strategy. 
 
2.1.6. Buildability Research at the University of Newcastle 
 
At about the same time, research was being carried out by the Building Performance Research 
Group (BPRG) at the University of Newcastle in Australia, quite independently of the work being 
done by the Construction Industry Institute Australia.  
 
The BPRG reviewed the earlier work done by CIRIA and reassessed the concept of buildability 
as a strategic rather than operational concern (Chen and McGeorge, 1994). They proposed that 
a workable concept of buildability needed to recognise that there are many factors in a project 
environment which impact on the design process, the construction process, and the link between 
design and construction. Indeed, these would be factors, which are relevant to and are shaped 
by the whole building procurement process. 
 
Decisions which are made upstream of the design stage can impose constraints on the design 
decision process. These decisions may also identify project goals that influence the decisions of 
the designer. These are therefore relevant factors if the ultimate ease of construction of the 
project is affected. At the same time, decisions which may not have been made by the designer 
concerning intermediate functions between design and construction such as documentation, 
contractor selection, choice of contract form procedures and so may have a significant impact on 
the construction process. Figure 2 illustrated this systems view of the design-construction 
process. 
 
Chen and McGeorge (1994) suggested that a conceptual approach which takes into account the 
influence of all relevant factors and other project goals is complex but necessary in the 
development of a buildability model that can be applied to specific projects. Only when the 
complex interactions of these factors is recognised can the potential of buildability be achieved. 
This challenged the traditional view of buildability that was primarily concerned with the design 
and construction phases of a project and proposed that buildability must encompass the whole 
life cycle of a building. The impact of decisions to reduce construction time may have 
implications downstream that affect the use or maintenance of the building. They proposed a 
working definition of buildability as "the extent to which decisions, made during the whole 
building procurement process, ultimately facilitate the ease of construction and the quality of the 
completed project". 
 
This definition differed from the earlier British concept of buildability (CIRIA, 1983) by: 
 •  not equating buildability simply with the ease of construction but also the appropriateness 
of the completed product; 
• recognising the life cycle implications of buildability; 
• identifying decisions rather than technical details as the determinant of buildability. 
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Figure 2: Systems View of the Design-Construction Process 
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(Source: Chen and McGeorge, 1994) 
 
In addressing the life cycle implications of buildability, the BPRG research also linked the 
effectiveness of the timing of relevant decisions to the principle that earlier decisions have more 
potential to influence outcomes than later decisions (the Pareto Principle). 
 
Chen and McGeorge (1994) proposed a three-dimensional conceptual model that mapped out 
the decision space for buildability decisions. The three dimensions proposed were the project 
participants (stakeholders and decision makers), the buildability factors (exogenous factors, 
endogenous factors and project goals) and the stages of the building life cycle (from inception to 
post-occupation). This model is illustrated in Figure 3. 
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Figure 3: Three Dimensional Model for Buildability Decisions  
 
(Chen and McGeorge (1994) 
 
The focus of their buildability research was on the management of the procurement process 
rather than on construction technology. They advocated that much of the buildability problem 
was not due to the lack of information but rather the lack of the management of information. In 
this respect, their research extended to the proposal for a project decision support framework for 
buildability-oriented management (Chen, McGeorge and Ostwald, 1993; McGeorge, Chen and 
Ostwald, 1994; McGeorge, Chen and Ostwald, 1995). This is illustrated in Figure 4. 
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Figure 4: Project Decision Support Framework for Buildability Management 
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The conceptual direction and definition of buildability developed by the BPRG was extended to 
stages of the building life cycle beyond the construction stage, taking into consideration the 
implications for maintenance and renewal performance (Chen, McGeorge and Ostwald, 1994) 
and post-occupancy evaluation (McGeorge, Chen and London, 1994). 
 
This strategic approach for buildability was adopted by the New South Wales Government as an 
element of its strategic capital works procurement management program (CPSC, 1993). 
 
2.1.7. CIIA and BPRG - Constructability Implementation 
 
The CIIA and the Building Performance Research Group (BPRG), after developing their 
approaches to constructability and buildability separately, collaborated in developing 
implementation strategies that combined their concepts. This was a natural move given that 
although the two groups approached the issue of buildability/constructability from two very 
different perspectives, the conclusions of their work had much in common. These include the 
identification of buildability/constructability management as a life cycle performance concept 
(Chen, McGeorge, Sidwell and Francis, 1996), the adoption of an integrative management 
approach, and the importance of the Pareto principle or cost-influence curve as a fundamental 
principle for improving performance. 
 
Both the groups identified buildability/constructability as an issue that required the systematic 
integration of construction knowledge through all stages of the project’s life cycle and across 
functional divisions separating the roles of project participants (Chen, Francis, McGeorge and 
Sidwell, 1996). Decisions which impact on constructability performance are made at different 
levels, from the strategic to the operational, and on different issues, reflecting the particular 
combination of factors which are significant for each specific project. The various participants in 
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the project process will have different roles and responsibilities with respect to these factors, and 
at different stages of a project’s life cycle. 
 
The collaborative work done by these two groups on constructability implementation resulted in 
the production of a Constructability Manual (Francis, Sidwell and Chen, 1996) and a Client 
Guide to Implementing Constructability (Francis, Sidwell and Chen, 1997) based on the 
development of a constructability implementation planning framework which identifies and 
coordinates the decision roles of individual project participants through a project’s life cycle. 
Using the 3-dimensional strategic management framework (Chen and McGeorge, 1994), the 
twelve constructability principles are plotted in a coordinated fashion across the roles and 
responsibilities of project participants and the stages of a project life cycle. The structure of this 
implementation planning framework is illustrated in Figure 5. 
 
Figure 5: Project Buildability/Constructability Implementation Framework 
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(Source: Chen, Francis, McGeorge and Sidwell, 1996) 
 
The twelve principles have been expanded into implementation guidelines which will enable 
constructability action plans to be developed for individual projects, taking into account the 
unique demands, objectives and environmental conditions of the project (Chen, Francis, 
McGeorge and Sidwell, 1996). 
 
2.1.8. Project Fitness Landscapes 
 
Both the CII and CIIA approached constructability with systematic strategies advocating 
concepts and principles that should be addressed appropriately for each project situation rather 
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than provide prescriptive measures. The CII recognised that construction projects go through 
phase transitions during the project life cycle and therefore researched constructability concepts 
for three distinct phases of the project life. The phase transitions reflect different activities, 
objectives and participant roles for the project. Each phase transition is connected to and 
dependent on the directions and outcomes of the preceding phase. 
 
The systematic principles advocated by CII and the CIIA essentially embodied the systemic 
principles for improving constructability. These are not causal rules that would determine 
whether constructability would be achieved or not. Rather they are interrelated conditions that 
promote environments in which constructability is supported. The plotting of these principles with 
appropriate weightings (Francis, Sidwell and Chen, 1996) against a typical project life cycle 
produces a fitness landscape illustrated at Figure 6. 
 
Figure 6: Constructability Fitness Landscape 
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(derived from CIIA Constructability Flow Chart, Francis, Sidwell and Chen, 1996) 
 
The fitness landscape concept describes the profile of conditions through a project's life cycle 
that support the constructability performance. Projects that exhibit “fitness” characteristics that 
correspond to this landscape are more likely to perform better in terms of constructability. 
 
An important element of this fitness landscape is the feedback principle. In both the CII and CIIA 
approaches (CII, 1993; CIIA, 1992), the feedback principle works by project teams conducting 
post construction evaluations and documenting lessons learnt for future project improvements. 
This principle ensures the on-going evolution of project constructability performance by learning 
from experience. Thus an organisation can start with very poor “fitness” levels with respect to the 
constructability fitness landscape but with repeated iterations of experience and learning, we can 
expect the evolution process to lead to increasingly better performance as more of the 
landscape peaks are climbed. 
 
2.1.9. Innovating Design and Construction with Buildability/ Constructability  
 
The development of the buildability or constructability concept over the past decades has seen it 
shift from an operational concern at project level, focusing on construction details, to strategic 
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concerns that drive higher level decision such as project procurement methods and project value 
management. 
 
Project procurement methods such as design and build (or design and construct), and their 
various hybrid forms, seek to improve performance by integrating the expertise of designers and 
constructors within an organisational framework. The separation of design and construction is 
removed by the sharing of overall risks and responsibilities within the same organisation. This 
facilitates the application of relevant construction knowledge to the design process and improves 
the potential for innovative design solutions that may otherwise attract additional cost premiums 
in traditional procurement methods. 
 
The strategic view of buildability/constructability as being the emergent result of decision making 
by all the participants in a project is consistent with the principles of project value management. 
These principles advocate a shared process by project stakeholders to examine function within a 
system-wide context and optimise design solutions to meet project objectives (Neasbey, et al. 
1999).  
 
The current leading edge of the concept focuses on supporting project organisations in 
integrating design and construction to achieve productivity and quality improvements. The 
concept recognises the complexity that is generated through the interactions of different players 
bringing different contributions to the project process through the whole project life cycle. 
 
Implementing buildability or constructability embraces the following: 
 
1) taking the broad view of design as being the sum total of all decisions made during the 
project process; 
2) establishing a systematic buildability/constructability implementation framework as early 
in the project process as possible that will carry through the full project life cycle; 
3) ensuring that all project participants address buildability/constructability issues in their 
decision making, information production and transmission; 
4) ensuring the maximum fitness landscape of the project organisation for 
buildability/constructability through the project life cycle; 
 
Successful and innovative buildability/constructability is about integrating the decisions of all 
project participants that have been evaluated to enhance buildability objectives. Current 
developments in the construction industry that support these principles include partnering 
strategies, and the development of computer-based information sharing and decision support 
systems. 
 
A number of countries such as Singapore and Hong Kong have developed buildability rating 
systems to facilitate the measurement and benchmarking of buildability performance. One 
limitation of this approach is the assumption that standard elements of measurement can 
adequately capture the qualities of unique design solutions.  
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2.2. Project Team Dynamics 
 
The construction industry offers its services to customers. Change in the industry has been 
significantly driven by large client organisations demanding a better service from construction 
industry participants.  A key factor in the achievement of successful project outcomes is the 
nature of the relationship between members of project teams, including clients, which need to be 
established as early as possible in a project’s life cycle. This report focuses on the initial phase of 
this scoping study which aims to investigate, by reviewing and analysing relevant literature, 
project team dynamics from the standpoint of “people and process” issues.  The impact of the 
growth of Information and Communication Technology (ICT) on teams is discussed, specifically 
in terms of how its implementation affects project teams, and the individuals within them. The 
research method involves a literature review which identifies key factors relevant to project and 
virtual team environments, and develops a methodology for conducting interviews with 
participants in the construction supply chain.  The next stage of the study is to collect data, 
analyse it and draw conclusions by comparing and contrasting theory and practice. 
 
2.2.1. Introduction 
 
The relationship between participants in a project process is the source of unpredictable 
behaviour that impacts on project performance. Project processes involve many independent 
agents interacting with each other in many different ways, creating situations of great complexity. 
The behaviour of each agent, while directed at the project objectives, is also influenced by their 
own agenda, determined by a, “…web of incentives, constraints and connections.” (Groak, 
1992).  Effective relationships within a project team have been demonstrated to be directly 
related to improved performance (Walker, 1995; 1996).  The relationships and ‘formal’ behaviour 
of project participants can to some extent be moderated by ‘contractual rules’ and the 
management of this can be facilitated using Information and Communication Technology (ICT) 
mediated processes. 
 
The impact of Information Technology (IT) cannot be ignored as it has had a significant influence 
on the work environment (Van der Spiegel, 1995).  Parker et al (2001) suggest that factors such 
as the low cost and portability of computers and internet access have led to employees being 
able to, “…work away from a designated office (geographic virtuality) and to work a `waking’ 
week rather than a `working’ week (temporal virtuality)”. This has led to the growth of employees 
working in virtual teams (Duarte and Tennant-Snyder, 2000).  
 
The focus of this report is to investigate project team dynamics from the standpoint of `people 
and process’ issues rather than a detailed investigation on ICT issues.  The impact on the 
growth of IT usage on teams will be discussed, specifically in terms of how its implementation 
affects project teams, and the individuals within them, taking into account process changes and 
skills development; i.e. current skills and any new skills required to work efficiently and 
effectively in an ICT environment. 
 
2.2.2. Project Team Dynamics: Factors influencing project team performance 
 
Systems have been developed to measure the performance of individuals (e.g. consultants, 
contractors) (NSW: CPSC, 1999; 2000), and projects (using key performance indicators (KPIs)) 
(DETR, 2000), but research into project team dynamics, relating to the construction industry, is 
limited. Much has been written on relationships between project participants initially prompted by 
issues such as alternative procurement systems but of late this has developed into areas 
relating to partnering, strategic alliances (Bresnen and Marshall, 2000a; 2000b) and supply 
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chain management (London and Kenley, 2001; Love et al, 2002). Although the same parties are 
involved in any construction project (e.g. client, professional advisors, contractors, sub-
contractors, suppliers) the relationships between them can differ depending upon the 
procurement and contractual systems adopted. Such changes have, in part been influenced by 
increasing demands from the industry’s clients for better, and more efficient, products and 
services (Davis, 1995; Latham, 1994; DETR, 1998; New South Wales Government, 1998).  A 
consequence of this has been that the boundaries between organisations are blurring; with a 
growth in ‘network organisations’ (e.g. joint ventures, strategic partnerships).  A case study of an 
alliance project, conducted by Love et al (2002; p13), identified the following improvements that 
were facilitated by an alliancing environment: 
 
• Problem solving process: problems solved together, leading to production of solutions 
faster; 
• Project performance: quality, time, schedule and cost targets achieved.  In addition issues 
such as rework, waste and claims were reduced in comparison with other projects; 
• Knowledge and competence of workforce: updated knowledge improves efficiency of 
staff; such a workforce is considered more productive and less likely to make mistakes; 
• Inter-organisational relationships: more open communication between parties, improving 
coordination; 
• Stakeholder satisfaction: fostered continuous improvement (improved productivity and 
profits) within the alliance, which has resulted in a strategic competitive advantage. 
 
Walker and Shen (2002: p31) identify the importance of organisations understanding the 
mechanisms that help to achieve better planning through adopting flexible approaches to 
overcoming unexpected problems.  They also put forward the proposition that, “the degree of 
ability of construction management teams to exercise flexibility options during construction to 
obviate unexpected problems is influenced by two key factors, the ability to be flexible and the 
commitment to do so.” This relates to project complexity and the ability of teams and individuals 
to understand it, and be flexible when overcoming unexpected problems.  In turn these are 
influenced by individual / team enabling goals which can be internalized through the 
development of ‘mental models’ (Senge, 1992; Schon, 1983). 
 
A report from the `Movement for Innovation’ working group in the United Kingdom (UK) 
(Movement for Innovation, 2000) has highlighted the importance of people issues in the 
construction industry. It puts forward a `business case’ for such improvement hinging on the `3 
R’s’ contending that, “ – firms who fail to improve their attitude and performance towards 
Respecting people will fail to Recruit and Retain the best talent and business partners.” The 
report states that this should apply to all organisations, large or small, in the supply chain. The 
use of Key Performance Indicators has shown, on demonstration projects, better performance in 
terms of client satisfaction, productivity and motivation of teams and individuals (M2 Presswire 
2001).  
 
2.2.3. Team dynamics and behaviour 
 
Recent project management literature suggests a number of important factors to be considered 
when discussing project teams and their dynamics. Sotirouu and Wittmer (2001: p12) conducted 
a study that found the creation of professionally challenging projects was the single most 
important factor influencing the behaviour of project team members. Jiang et al (2001: p49) 
investigated issues confronting project organisations and posed the question as to where 
responsibility for creating a positive project environment lies, with the project manager or the 
organisation itself.  They concluded that it was important for senior management to foster 
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environments that allow project managers to adopt requisite methods effectively. Activities which 
need to be performed, in addition to the task of completing a project, were: 
 
• Obtaining commitment and maintaining involvement of key personnel at all levels; 
• Communicating effectively with all team members, concerned management, and impacted 
users; 
• Building an effective team, clearly defining team member roles and creating a team 
structure; 
• Conducting effective planning and monitor performance against expectations on an ongoing 
basis. 
 
Veil and Turner (2002: p137) state that, “Experiencing progress and well-being within a project 
group is of the utmost importance both to the project managers and the project team members.” 
They also contend that although working in a project group may bring insecurity and stress, 
caused by new colleagues and contexts, it is more exciting than any other business situation in 
that it is: meaningful, a continuous process of learning and adapting and assists in overcoming 
problems. A workshop, conducted with project managers, identified ways of avoiding group 
inefficiency, classed into four main sets: 
 
• energy loss through killing ideas; 
• energy loss through project group being pushed to the limit; 
• energy loss through static perception of team roles; 
• energy loss through power play. 
 
Kasper-Fuehrer and Ashkanasy (2001: p244) stress the importance of the creation of 
organisational identities.  They state that, “common business understanding requires the 
creation of shared vision, together with the communication of mutual aims through clear 
definition of roles and expectations within the team, especially in early stages of the partnership.” 
This is important, given the fact that many project teams are temporary organisations, although 
moves towards partnering and alliancing strategies are changing this concept. 
 
Wang (2001: p2) suggests that, “Professional culture is important to guide members of a 
profession to think and behave as the profession requires.” He puts forward, based upon the 
survey and analysis of data collected by questionnaire, a model of Project Management (PM) 
culture consisting of four key dimensions, each with sub-dimensions, as shown in Table 1. 
 
Table 1: Project management (PM) culture model  
Key dimensions Sub-dimensions 
1. Professional commitment a. PM career pursuit 
b. PM reference group 
c. Leisure time for PM 
2. Project team integration a. Consciousness of team identity 
b. Knowledge-based influence 
c. Informal process 
3. Work flexibility a. Job decodification 
b. Work autonomy 
4. Viewing others in terms of work 
performance 
a. Positive aspects 
b. Negative aspects 
(Wang 2001: 2-8) 
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Wang (2001: p2) re-iterates the following work-related values and beliefs relating to project 
management culture: 
 
• uncertainties and changes taken as a way of life,  
• people’s status comes from what they do rather than who they are,  
• speed, flexibility and lateral communication are emphasized, 
• teamwork is highly valued. 
 
White and Fortune (2002: 6-9) conducted a survey of `real world’ experiences of people active in 
project management.  Two aspects of the survey instrument design involved the identification of 
common criteria used for defining project success and the establishment of a list of `critical 
success’ factors.  Criteria used for judging project success, and the top ten factors identified as 
critical for successful project outcomes, are summarized (in rank order, highest to lowest) in 
Table 2. 
 
Table 2: Project success and outcome factors  
Criteria used for judging project 
success 
Factors critical to successful project 
outcomes 
1. meets client’s requirements 1. clear goals / objectives 
2. completed within schedule 2. realistic schedules 
3. completed within budget 3.support from senior management 
4. meet organisational objectives 4. adequate funds / resources 
5. yields business and other benefits 5. end user commitment 
6. causes minimal business disruption 6. clear communication channels 
7. meets quality / safety standards 7. effective leadership / conflict resolution 
8. other criteria 8. effective monitoring and feedback 
9. flexible approach to change 
10. taking account of past experience 
(White and Fortune 2002: 6-9) 
 
They also identified the following limitations and drawbacks of methods, methodologies, tools 
and techniques used (such as project management software, structured systems analysis and 
design methodology, and in house project management methods): 
 
• inadequate for complex projects; 
• difficult to model the `real world’; 
• too heavy in documentation, too time consuming; 
• failed to predict problems; 
• constrained activities, did not allow holistic view; 
• to unwieldy, not cost effective; 
• lack of training / expertise etc;. 
• no suitable tools available; 
• too much emphasis on following the `standard’; 
• not fully developed / immature; 
• lessons learnt from the past not carried forward. 
 
Prasad (1998; 143-144) outlines seven elements, referred to as the `7C’s’, of successful 
cooperative teams: 
 
• Collaboration: value creation, methods of communication; 
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• Commitment: empowered teams define tasks and prioritize areas to make breakthrough 
opportunities; 
• Communications: effective communication (free and open exchange of information) is a 
precursor to meaningful collaboration (shared understanding, working together); 
• Compromise: compromise and input from every discipline; 
• Consensus: project team and management members may disagree on some issues, but 
teams’ support on the requirements and a commitment to project objectives from the outset 
are essential; 
• Continuous Improvement: product or process design teams work toward the total 
elimination of waste; 
• Coordination: management of interdependencies between activities. 
 
The New South Wales Government, in Australia, has developed common consultant 
(NSW/CPSC, 2000a) and contractor (NSW/DPSC, 1999) formats to facilitate continuous 
improvement and monitor performance.  Their objective is to help identify areas where 
consultants and contractors are excelling, and any areas where improvement is needed.  
Standard performance criteria and evaluation areas have been identified, and are shown in 
Table 3. 
 
Table 3: Performance criteria and evaluation areas. 
Consultants (NSW/CPSC 2000a: p8) Contractors  (NSW/DPSC 1999: p7) 
• Time management • Time management 
• Management and suitability of 
project personnel 
• Management and suitability of site 
personnel 
 
• Management of sub consultants 
and other suppliers 
• Management of subcontractors, 
consultants and other suppliers 
• Standard of service • Standard of work 
• Quality management and systems • Contract administration 
• Occupational health, safety and 
rehabilitation management 
• Quality systems 
• Environmental management 
• Environmental management 
• Cooperative relationships 
• Occupational health, safety and 
rehabilitation management 
• Management of industrial relations 
• Workforce or skills development 
 • Cooperative relationships 
 
Assessment of both consultants’ and contractors’ performance is conducted using a rating 
system: superior, good, acceptable, unsatisfactory, 
 
Many of the criteria and factors discussed above, and those summarized in Table 2 in particular, 
are often cited in literature related to the management of projects (eg. Bennett, 1991; Morris, 
1994; Walker, 1996).  Key issues relating to the literature presented in this section are 
summarized in the subsequent ‘Discussion’ section of this report. 
 
2.2.4. Factors Influencing The Performance Of Working Teams In Virtual 
Environments 
 
The United States Construction Industry Institute (CII) has initiated a study of the implementation 
and management of virtual teams to examine practices and develop recommendations  
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(Construction Industry Institute 2001). The majority of CII members believe that virtual teams will 
be a primary mode of project execution within five years and that consideration needs to be 
given to organisational and technological issues. The subsequent sub-sections discuss issues 
relating to virtual teams. 
 
2.2.4.1. What is a ‘Virtual Team’ (VT)?  
 
A succinct summary is provided by McDonough et al (2001: p111) who distinguish between 
various teams:  
 
• Colocated teams are comprised of individuals who work together in the same physical 
location and are culturally similar.  
• Virtual teams are comprised of individuals who have a moderate level of physical proximity 
and are culturally similar. One example of a virtual team is where team members are 
located in different parts of the same country. Another example is where team members are 
in the same building but on different floors.  
• Global teams are comprised of individuals who work and live in different countries and are 
culturally diverse. 
 
2.2.4.2. The need for Virtual Teams (VT’s) 
 
VT’s are viewed by Kayworth and Leidner (2000: p183) as vehicles by which cycle times are 
improved, travel costs reduced, and redundancies across organisational units reduced.  In a 
global business context, Kayworth and Leidner  (2000: p183) identify the deployment of VT’s as 
an attractive management strategy because. “… it allows dispersed organisations to maximize 
their expertise without having to physically relocate individuals. The required expertise for a 
given task or project may be dispersed at multiple locations throughout the organisation, 
however, a virtual team may facilitate the ‘pooling’ of this talent to provide focused attention to a 
particular problem without having to physically relocate individuals. In addition, virtual teams may 
allow organisations to unify the varying perspectives of different cultures and business customs 
to avoid counterproductive ethno-centric biases.” Kayworth and Leidner (2000: p184) also 
identify further benefits of cost reduction, cycle-time reduction, integration of distant members, 
and improved decision-making and problem solving skills. 
 
VT’s are beset with a range of challenges inherent to their dispersed, and often impersonal, 
nature.  Indeed, McDonough et al (2001: p11) argue that “…if team members cannot be co-
located they may as well be miles apart, since even a small degree of dispersion among team 
members will negatively affect the degree of trust and degree of cooperation between them.” 
While all teamwork involves challenges to be managed, the tools at the disposal of VT’s limit the 
options they have for addressing the difficulties of coordination (Kayworth and Leidner, 2000: 
p183).  Furthermore, maintaining VT’s can be very challenging due to the complex set of 
variables they involve.  This, as well as an appreciation of the difficulties in achieving business 
objectives and extracting value from these relationships, has been noted by Lurey and 
Raisinghani (2001: p524).  
 
Kasper-Fuehrer and Askanasy (2001) argue that, when dealing with establishing trust in virtual 
organisations, appropriate ICT is needed, as is the establishment of a common business 
understanding and maintenance of ethical standards. They identify the importance of 
“information sharing” as a factor that contributes to a virtual organisation’s flexibility and 
responsiveness. In addition, as virtual organisations are temporary by nature, the 
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communication of shared values and visions, leading to a sense of organisational identity (Gioia 
et al, 2000) is an area which has not been researched in any detail.  
 
2.2.5. The need for working differently 
 
The literature suggests that VT’s require the application of management strategies which are 
different to those applied for traditional practices. According to McDonough et al (2001: p117), 
“…firms need to recognize the different problems that may be associated with managing co-
located, virtual, and global teams. This also suggests that companies may need to prepare their 
managers and team members for working in different types of teams and in teams whose 
members speak several different languages and come from a variety of cultures”. This view was 
echoed by May and Carter (2001) who identify the possible tensions that may occur when new 
work practices are implemented in the automotive industry.  They note the view held by 
engineers using their VT environment that their responsibilities and authorities may need to be 
redefined, as they did not necessarily possess the skills and authority to make decisions using 
them.  They sum up by stating that, “...management of changes in roles within companies must 
be achieved, with devolution of responsibility and authority as appropriate”. (May and Carter, 
2001: p182).  Similar findings are articulated by McDonough et al (2001: p117) who found that 
VT’s pose greater behavioral and project management challenges than co-located teams.  
 
A key finding of the literature is the need for management of the processes inherent in managing 
VT’s. Lurey and Raisinghani (2001: p532) observe that, “…formal processes must be developed. 
Due to the physical barriers involved with virtual work… these teams require more structure to 
perform their work.  In addition, the individual team members’ roles and the teams’ primary 
objectives must be explicit, not simply assumed.” 
 
2.2.6. The benefits and advantages of working in virtual teams 
 
VT’s should result in many and varied benefits and advantages over traditional practices.  These 
include better quality, reduced costs and a reduction in the time-to-market (May and Carter, 
2001: p172).  These benefits extend to the supply chain where greater integration is possible 
(May and Carter, 2001: p182).  May and Carter’s studies note that, “…the various stakeholders 
(users, managers and implementers) suggested that the widespread adoption of technologies… 
would enable a more effective use of company resources, a greater degree of simultaneous 
engineering and a more flexible approach to engineering liaison and problem resolution by 
distributed engineers throughout the supply chain.” (May and Carter, 2001: p183). 
 
2.2.7. Challenges of working in virtual teams 
 
Effective use of VT’s present various challenges. Kayworth and Leidner (2000) categorize these 
into the four areas, shown in Table 4: 
 
Table 4: Challenges of working in virtual teams  
Areas Challenges 
Communicat
ion 
a.VT’s potentially face a much greater strain on communications 
b. VT’s must use a variety of means to transmit information, 
meaning, and symbols over time and space 
Culture a. Cultural differences among VT members may intensify some 
communications problems  
 b. Culture may also act in a positive manner to bring diversity on VT 
behaviour 
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Technology a. Problems likely to be experienced include: 
• Maintaining any type of structure or theme throughout 
meetings  
• Variability among individual’s level of skill or familiarity 
with information technology 
• The level of technical expertise of individual team 
members 
Project 
Management 
a. The quality of project management is a vital issue 
b. Distributed working requires more of a group management and 
co-ordination overhead than standard face-to-face meetings 
c. The solutions at the disposal of team leaders to address the 
problems of teamwork are quite different in the VT from the face-to-
face. In face-to-face environments, increased monitoring can be 
employed as can frequent one-on-one discussions with various 
members. In the virtual environment, much of the control and reward 
capabilities of the leader are reduced so that the leader must create 
inventive solutions to address team problems. 
(Kayworth and Leidner, 2000: 186-190) 
 
2.2.8. Changes in skills requirements 
 
It is clear that VT members require a different mix of skills to those of traditional teams.  These 
include project management and skills in liaison/negotiation (May and Carter, 2001: p116), skills 
to deal with cultural and language complexities (McDonough et al, 2001: p116) and skills in 
developing a shared vision or goal, developing a sense of team identity, getting a state of mutual 
trust, communicating effectively, enjoying the group process and successful interpersonal 
processes (Tullar and Kaiser, 2000).  
 
2.2.9.Discussion 
 
Having reviewed literature relevant to both project team dynamics and virtual teams, this section 
summarizes the key issues. 
 
The project team performance literature has within it a number of common ‘themes’ and ‘issues’.  
The need to create ‘positive’ environments that are challenging to project teams is a central 
theme.  Other themes relate to ‘people issues’ (e.g. respect, excitement, trust, relationships, 
communication) and ‘environmental / process issues’ (e.g. customer/client demands, team 
integration, culture, complexity, flexibility, leadership).   
 
The review of literature, in both project team and virtual team domains, supports the contention 
that both people and process issues are important when considering project team dynamics.  
This also links into a growing trend in the construction industry to form partnerships and 
alliances that if taken to an extreme, can encompass the entire supply chain.  Love et al (2002: 
p7) present a model for construction alliances which emphasizes a, “…collective learning 
environment.” as a key element. The model includes references to issues such as: knowledge, 
communication, teams, culture and relationships, linking to factors identified by Wang (2000) 
and White and Fortune (2002). The literature relating to virtual teams also strongly emphasizes 
these issues (McDonough et al 2001). It also supports the importance of considering integrated 
supply chains (May and Carter 2001), as well as stressing the need for good project 
management (Keyworth and Leidner, 2000).  Therefore many key issues emerging from both 
areas of literature reviewed are common. 
31 
 
Table 5 summaries the key issues emerging from the literature reviewed in this report. 
 
Table 5: Key issues emerging from the literature review 
Key issues  
• Relationships between team 
members 
• Team building 
• Team incentives, constraints and 
connections 
• Team integration 
• Project success criteria 
• Individuals’ performance 
monitoring and feedback 
• Project leadership 
• Customer demands 
• Project performance monitoring 
and feedback 
• Skills development 
• Good communication 
• VTs need effective project 
management 
• Traditional communication strategies 
inappropriate to VTs 
• Cultural issues may impinge on VTs 
• Organisational design and 
structure 
• Individuals’ commitment / 
involvement 
• Geographic proximity of team 
members important to successful 
communication 
• Problem solving: flexibility and 
commitment 
• Importance of clarity of roles of 
members within VTs 
• Project complexity 
• Individual and team goals 
• Challenging projects 
• Positive project environments 
• Recognition of need to employ different 
skills 
  
 
The overriding theme, emerging from this investigation, is that of work design to enable people 
to work in project teams, utilizing virtual environments, efficiently and effectively. Parker et al 
(2001) propose a work design model, summarized in Table 6, containing 5 categories of 
variable. This model is the result of a comprehensive review of literature based upon a premise 
that,  “developments in work design theory have not kept pace with changes in the 
organisational landscape.” This includes consideration of changes to project teams and the 
growing influences of new technology upon the work of such teams. 
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Table 6: Model of work design  
Categories of variable Main factors relating to variable 
1. Antecedents a. external organisational factors 
(environmental, political, labour market, 
technology) 
b. internal organisational factors 
(management style, technology/tasks, 
organisational design) 
c. individual factors (personality, beliefs, 
trust) 
2. Work characteristics a. individual level (e.g. job control, skill 
variety, performance monitoring, role 
conflict, social contact) 
b. group level (e.g. autonomy, feedback, 
skill variety, task interdependence) 
c. interaction between individual and group 
level factors 
3. Outcomes a. individual / group outcomes (e.g. 
performance, safety, creativity) 
b. organisational outcomes (e.g. 
productivity, customer satisfaction, 
accidents, innovation) 
4. Mechanisms linking work 
characteristics 
to outcomes 
a. motivation, quick response, learning and 
development, interaction processes 
5. Contingencies affecting the link 
between 
work characteristics and outcomes 
a. organisational (e.g. interdependence, 
uncertainty, information / technological 
systems) 
b. group (e.g. norms, knowledge structures, 
size, skill composition, goal clarity, 
information support 
c. individual (e.g. growth, ability, context 
satisfaction, trust) 
(Parker et al, 2001: 419-432) 
 
2.2.10. Conclusions 
 
It is clear that an understanding of how project teams function is a critical issue, particularly in 
relation to the growing utilisation of ICT within and between participants in such teams. This is 
well summarized by Lurey and Raisinghani (2001: p532) who state that, “…team leaders need to 
establish positive team processes, develop supportive team member relations, create team-
based reward systems, and select only those team members who are qualified to do the work. 
These factors, then, clearly constitute the beginnings of a comprehensive set of best practices to 
be used when designing and supporting effective teams, regardless of whether they are co-
located or virtual.” 
 
Perhaps the use of ICT could be seen as something which could improve the nature of project 
team performance by reducing more mundane tasks (such as record-keeping, improving 
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communication, etc) to allow team members to concentrate energies on being more creative and 
innovative. However, a contrary view could be that the use of ICT, without a strategy to ensure 
that project team members have the necessary knowledge, understanding and skills to utilize 
the technology to its potential, could be counterproductive.  This research, having identified key 
issues from the literature, and developed a methodology to test a theoretical model of work 
design, seeks to investigate this potential dilemma further, in it’s next stage. 
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2.3. Knowledge Management and Learning in Temporary 
Organisations  
 
2.3.1. Introduction 
 
Knowledge in any organisation is vital, and serves as a strategic resource ensuring the 
continued viability of the organisation and competitive advantage. This knowledge, irrespective 
of content, requires management if an organisation is to operate to its potential. The area of 
knowledge management is a relatively new concept in business management, and even more 
so in the construction industry.  The purpose of knowledge management is to ensure that the 
relevant knowledge is made available (Zack, 1999).  
 
2.3.1.1. What is knowledge management? 
 
According to Newman (1991, pg 3) knowledge management is the “collection of processes that 
govern the creation, dissemination and utilisation of knowledge”, and is much more than a 
product of technology. Knowledge management systems encompass both human and 
automated activities and their associated artifacts. Egbu (2000) considers it fundamental to 
organisational competence, which in turn is defined as an “ability to sustain coordinated 
deployment of assets and capabilities in a way that promises to help a firm achieve its goals” 
(Sanchez et al, 1996). The changing markets and nature of competition demand accelerated 
innovation supported by the dynamic core capabilities of organisers (Egbu, et al, 1999).  From 
this it is clear; knowledge management is a vital component in a modern competitive market. 
 
Knowledge management aims to integrate resources. It helps users better address the interests 
of stakeholders across interrelated knowledge flows and by doing so better enables individuals, 
systems, and organisations to exhibit truly intelligent behaviours in multiple contexts.  
 
2.3.2. Key Terms and Concepts 
 
Before an examination of knowledge management in the construction industry is undertaken, it 
is first necessary to define several concepts vital to understanding knowledge management. 
Newman and Conrad (1999) suggest that the general knowledge model is the framework on 
which knowledge management is based. This is comprised of four phases: 
 
1. Knowledge creation  
2. Knowledge retention 
3. Knowledge transfer 
4, knowledge utilisation 
 
Figure 7: General Knowledge Model. 
 
 
 
 
 
 
 
 
 Retention 
Creation 
Utilisation 
Transfer 
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This is a very simplistic model of knowledge flow and belies the complexity of the cognitive, 
learning and problem solving activities involved in the process. Instead it is used primarily to 
illustrate that a knowledge process does exist. Other models of learning exist, but are beyond 
the scope of this discussion. Suffice to say that a knowledge acquisition and utilisation process 
does exist and that the two processes are closely linked.   
 
However of more relevance is that within this process there are enormous quantities of useful 
information, that once harnessed could significantly reduce the time required for consequent 
decision processes. The repercussions are clear; if knowledge is generated faster, decisions, 
accurate/appropriate decisions are made sooner and the given process accelerates.  In many 
industries today, the construction industry included, such a situation exists. We are entering a 
new phase in production where knowledge is a currency and knowledge management has 
become the “new differentiator of competitiveness” (Hinks, 2000, pg 823).  Knowledge and 
technology now influence the core processes of an organisation. Consequently, to maintain pace 
with competitors knowledge management initiatives are vital to avoid organisational paralysis.   
 
Until relatively recently, knowledge management was an under utilised resource. The limited 
efficiency of most knowledge management efforts were largely because attention was being 
overwhelmingly focused on creating the electronic means needed to capture and store 
information and improve communication, rather than focusing on change at an organisational 
level (Lubit, 2001). Instead far more attention is required to the task of convincing people to 
effectively use information systems. 
 
Knowledge management is a means of harnessing this information. According to Newman et al 
(1999) it incorporates three broad forms of artifacts. Artifacts being anything that contains 
information/knowledge. From a database to a wink, artefacts form the linkages between the 
activities and events that comprise knowledge flows. 
The three broad forms are explicit, implicit and tacit artefacts. Other forms of knowledge may be 
symbolic, encultured, embodied (Egbu, 2000). Explicit artifacts according to Newman and 
Conrad (1999) are those that are easily codified and transferable. They are for example books 
and computer software or databases. Implicit knowledge is slightly more complex. They are 
meanings not explicitly captured, but inferred. For example, if someone is wearing a thick 
woollen coat it is sensible to assume that the weather is cold. Tacit artifacts are the most 
insidious and difficult to codify, but they are also considered the most powerful of the three. They 
constitute those that “defy expression or codification” (Polanyi, 1966 cited in Newman and 
Conrad, 1999 pg 5).   
 
But a knowledge base is only as good as the information it contains. This knowledge allows not 
only the reuse of solutions to sets of familiar problems, but also captures the people and skills 
that are most effective in solving new problems when they arise. Examination of coding systems 
and methods of codification is a concern generated in the literature, and one requiring further 
attention. Bill Gates and other leaders refer to knowledge workers as the “employees of the 
future” (Egbu, 2000). Further, the tacit knowledge contained within the individual is the real 
potential, but only if it can be transformed into organisational knowledge. Hence the need for 
rigorous knowledge codification systems and an organisational culture to support them.  
 
To meet the needs of the client, the temporary organisation needs to collaborate and share 
information. One viewpoint is that if information is shared, industry “best practise” is encouraged 
(Sapsed, Bessant, Partington, Tranfield & Young, 2002).  Lubit (2001) suggests that it is tacit 
knowledge, the hardest knowledge to transfer, that is the idea criteria for maintaining competitive 
36 
advantage, as it is widely transferable within a firm, but very difficult for other firms to copy or 
develop.  
 
It is important to remember that artifacts regardless of form are passive. They do not make 
decisions, run programs or build bridges. They are at best the manifestation of knowledge, being 
that physical or experiential. The focus of the present study is oriented towards a human-
computer interaction particularly in temporary organisations. 
 
As stated earlier, explicit knowledge is easily shared, implicit knowledge while not as overt can 
still be transferred. But it is tacit knowledge that represents the biggest problem with transfer, 
and which is most often kept within the firm. According to Lubit (2001) few companies engage in 
broad ranging changes in firm culture, communication practises, HR practises, decision making 
practises and performance measures and rewards which are vital to maximise their ability to 
develop, share and integrate their knowledge. 
 
Selecting knowledge management technologies is an often daunting and risky task. There exists 
the need to differentiate technologies according to their impact on agents, artifacts and 
behaviours. Newman and Conrad (1999) propose a framework for assessing knowledge 
management software, taking into account the client, agents, artifacts and other variables 
relevant to system operation. Such a framework may reduce the risk involved in adopting these 
technologies and aid system-user compatibility. These are the obvious advantages to further 
investigation.  
 
One argument suggests that knowledge should be shared readily within a firm, but not readily 
spread to other firms. In most competitive industries this rule applies. However the construction 
industry is slightly different, it relies on efficient collaboration and communication from a variety 
of sectors, all united with the common aim of meeting the needs of the client.  A collaborative 
attitude would surely revolutionise the industry. Industry culture in regards to the sharing of 
knowledge management techniques is another area sorely in need of investigation. 
 
2.3.3. Knowledge Management in Construction 
 
Design and construction management are knowledge-based activities, therefore any 
technologies that enable remote knowledge delivery have the potential to interfere with the 
dynamics of the marketplace. To date, the scope of these vast resources of data and information 
about the design, construction and operation of buildings have been rather under exploited.  
 
Competitive knowledge management requires far more than just setting up electronic means to 
share and store knowledge. According to Lubit (2001) first a company needs to develop a 
knowledge sharing culture. Second, companies need to overcome defensive routines inhibiting 
open communication. And third, a company needs to establish a reward system to motivate 
employees to engage in cooperative sharing of information. A cooperative climate such as this is 
yet to occur in the construction industry. Fourth, there needs to be a knowledge management 
department that not only stores information, but also categorises it for ease of access. Finally, a 
lever for organisational implementation needs to be established to promote use of ideas best.  
 
A prime problem is the ownership and handling of dispersed knowledge. This cannot be easily 
dealt with unilaterally, since it strays into IPR and the boundaries of professional liability (Hinks, 
et al, 2000). There are examples of project based applications of IT to provide a unified 
information system, but the replication and reapplication of designs and processes are still a 
challenge for an industry operating mostly via the formation and dissolution of temporary teams. 
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Interestingly Hinks notes that it is not the complex technology required for such innovation that is 
the major problem. Instead it is the management processes with have to cooperate with it 
(Hinks, 1998).  
 
Sharing and integrating the knowledge held within a firm brings a number of benefits; spreading 
best practice, and bringing together knowledge that enable the development of new 
technologies, services and products are the most obvious. Further, sharing and integrating 
knowledge allows people to understand the widespread effects of their actions on other parts of 
the company. 
 
2.3.4. Organisational Culture and Knowledge Exchange 
 
According to Egbu et al (1998) it is generally accepted that there exists a relationship between a 
firm’s efficiency and profitability with its ability to innovate (Construction Research and Strategic 
Panel, 1997; cited in Egbu, 1998). Literature assessing the management of these innovations 
within an organisation are lacking in the construction industry.  The mechanisms and practical 
ways of managing knowledge lack empirical studies and the cultural and risk aspects associated 
with innovations in a construction context remain largely untapped (Egbu et al, 1998).  
 
Knowledge management is described repeatedly in the literature as 10% technology and 90% 
people issues. Organisations where learning is a priority respond better to knowledge 
management initiatives. A learning organisation according to Senge (1990) is one where “people 
continually expand their capacity to create the results they truly desire, where new and 
expansive patterns of thinking are nurtured, where collective aspiration is set free, and where 
people are continually learning how to learn”. It could confidently be assumed that a learning 
organisation would respond positively to knowledge management initiatives.  Therefore 
assessing the type of organisational structure is necessary before attempting to implement any 
type of knowledge management strategy.  
 
Egbu (2000), in a search of organisation literature identified four basic organisational structural 
variables. There were formalisation, centralisation, complexity, and stratification.   
  
According to the UK Department of Trade and Industry the construction industry will not reap full 
economic benefits “unless we identify the economic, legal, institutional, and cultural obstacles to 
innovation, and do what we can to remove them.”  The methodology adopted by Egbu et al 
(1998) was a series of case studies using four construction organisations recognised as leaders 
in innovation. An ethnographic approach was used to interview personnel at varying levels of 
within each organisation. Over 50 interviews were completed. Further, site visits were 
conducted, video footage and archive information taken to record innovation processes and 
products. From this, two key themes were identified; organisational climate/culture and risks in 
organisational innovations.  
 
Although largely beyond the scope of the present study at this time, four stages were identified 
as vital in managing organisational change, they are; analysis of the existing culture, 
experiencing the desired culture, installing new culture and modifying the existing culture, and 
cultural sustenance and on-going evaluation and renewal. These stages are based on the 
premise that to foster the sharing and implementation of a company’s best ideas requires 
confronting powerful organisational and cultural obstacles, and often requires major 
organisational change.   
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Risk and innovation are synonymous, especially in the construction industry. Luck (1994) states 
that a company’s ability to innovate is indicative of its risk taking capacity, and further that the 
potential benefits for companies who are able to assume these risks are high. Egbu et al (1998) 
identified the key factors influencing risk in innovations. Those relevant to knowledge 
management include risks associated with human resources available to an organisation and 
technological risks and the opportunities and the readiness of the market for certain innovations. 
Egbu et al’s (1998) findings suggest that an integrative approach to construction innovation is 
necessary to combine the human and the technological issues associated with this type of 
change.  
 
Hinks et al (2000) noted the volatility of knowledge, stating that new knowledge is “rare, difficult 
to create, short lived and risky for those who attempt to exploit its first to market advantage (pg 
824)”.  And like existing knowledge it is also easy to lose. This is why knowledge creation, 
knowledge management, knowledge retention and knowledge re-application are central to 
business competitiveness and innovation in a knowledge based economy (Davenport, 1993). 
According to Hinks et al (2000), losing or failing to re-apply knowledge is no longer a non-core 
issue for the construction industry, because in a knowledge based economy it has become a 
“principal competitive differentiator” (Hinks et al, 2000, pg 825). One interesting question posed 
by Hinks is whether these advances in the technology of communications will serve to amplify 
strengths or simply its weaknesses”. In regards to knowledge management technologies, the 
industry must seek to ensure that it recognises its own strengths and weaknesses before 
endeavouring to create the technologies to harness them.  
 
According to Egbu (2000) within the construction industry there exists a polarity regarding 
business size, with 95% typically employing fewer than eight people. These smaller firms are 
typically organised by trade or craft and involve low capital investments. Egbu considers these 
factors potential barriers to the uptake and utilisation of knowledge management technologies 
for reasons including; technological incompetence, inability to fund long-term risky ventures and 
the inability to develop and operate complex systems. Rothwell and Dodgson, (1994, cited in 
Egbu, 2000) also noted other perceived disadvantages of smaller organisations including little 
management experience, power imbalance if collaborating with larger firms, difficulty in coping 
with complex regulations and associated cost of compliance. 
 
This is not to say that smaller size firms are without their advantages regarding handling 
knowledge management innovations. Communication pathways are often less complex, and 
less formal which in turn increase decision time, receptiveness to novelty and employee 
commitment (Rothwell and Dodgson, 1994). Smaller firms also tend to react faster to changing 
market requirements.  
 
The construction industry is characterised by projects, by short-term employment and by 
temporary coalitions of contractors and subcontractors. It is also perceived to have an 
adversarial culture (Egan, 1998). The site labour force tends to be drawn from the lower strata of 
educational achievement. According to the Egan (1998) report “there is a crisis in construction 
training”. The proportion of trainees in the workforce appears to have dwindled with too few 
people trained to replace the ageing skilled workforce. Further, too few are acquiring the 
technical and managerial skills required to get full value from new techniques and technologies. 
Egan goes on to comment that “many innovation processes in the management and 
procurement of construction activities are becoming increasingly interactive, requiring 
simultaneous networking across multiple “communities of practise”, such as professional groups, 
functional groups and business units”. With this industry climate, employees are required to 
communicate and network with various communities. This therefore means that knowledge 
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needed for innovation is distributed within organisations and across organisational boundaries 
though different supply chains (Egbu, 2000).  
 
Such an atmosphere is present in the UK construction where here is a steady increase in 
collaborative work practises, such as partnering, alliances and joint ventures. In addition, 
projects are growing in complexity and cost and clients demands and expectations are also 
increasing more than ever before (Egbu, 1998). This presents a climate where organisations 
have to collaborate and share knowledge, skills and expertise in order to survive in the 
competitive market. In sharing knowledge, however, organisations need to be both mindful of 
communicative behaviours and practises associated with knowledge exchange.  Organisations 
must be responsive to all types of information, explicit, implicit, tacit, formal and informal, while 
simultaneously protecting vital intellectual property that will ensure the continued grow of the 
organisation. Recognising the differences in such knowledge is one of the many advantages of 
effective knowledge management systems 
 
The literature suggests that companies must recognise the knowledge generation and utilisation 
process; from conception to gathering, storing and exploitation, or as described previously; 
creation, retention, utilisation and transfer. Organisational culture and climate are vital for 
harbouring a system that promotes the ready transfer of knowledge from project to project and 
from team to team. Egbu’s (1998, 2000) studies involving four construction companies, identifies 
key cultural and organisational characteristics that foster knowledge management and utilisation. 
They were, a culture where there was a willingness and an openness to share information and 
knowledge, support from management all the way to the top and the presence of a “knowledge 
or innovation champion”. Job security and recognition were other characteristics recognised by 
these leaders in innovation.  
 
For the construction industry to embrace knowledge management practises its adversarial 
culture must change to one of sharing and cooperation. The ESRC study conducted by Egbu 
(1998, 2000) identified possible mechanisms for embedding knowledge in organisational culture 
they are presented in the following table. 
 
Table 7: Mechanisms for transferring knowledge and embedding knowledge into organisational culture  
Mechanism 
• Creation of knowledge teams, i.e. staff from all disciplines to develop or improve methods 
and processes 
• Shareware-provision of platforms, occasions and locations that encourage knowledge 
exchange 
• The introduction of knowledge webs (networks of experts/communities of practise who 
collaborate across divisions/strategic business units) 
• The establishment of intellectual capital teams whose roles include the identification and 
auditing of intangible assets such as knowledge  
• The provisions of collaborative technologies such as Intranets or Groupware for rapid 
information access.  
• Define and communicate knowledge performance behaviours 
• Make knowledge performance company policy 
• Identify key knowledge workers and knowledge performance positions 
• Rewarding knowledge-sharing behaviours and incentive key knowledge management 
actions 
• Take action on poor knowledge performance 
(Egbu, 2000) 
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2.3.5. A Framework For Addressing Knowledge Management Issues In 
Construction 
 
From the literature several key areas have been identified which must be addressed in order to 
develop coherent knowledge management programmes. According to Egbu (2000) these are 
knowledge content, people, culture, process and technological infrastructure. Following Egbu’s 
model, defining what knowledge is relevant to the organisation now and in the future is the first 
step in knowledge management implementation. Second, knowledge technology must be 
appropriate for the culture and the people using it. And key personnel should have access to 
these resources to encourage a sharing and cooperative workplace. Good knowledge 
management tools aim to support a community of workers in their efforts to create, communicate 
and manage knowledge across the organisation. The technology must be adaptive to the 
organisations needs, needs that should be established from the outset. Responsibility for 
updating knowledge is also vital as knowledge can “decline in value” over time (Egbu, 2000). 
 
Small to medium sized enterprises have different knowledge management needs when 
compared to larger organisations. The literature regarding SME’s suggests that given the type of 
business size and structure knowledge management technology is limited. These constraints are 
also financial, as SME’s are unlikely to risk large investments on knowledge management tools. 
Instead telephones, faxes, and email facilities feature highly.  
 
Figure 2 depicts the relationship between the five dimensions presented by Egbu (2000). It 
should be noted that technology is the facilitator, and its linkages to the other knowledge 
dimensions are represented by dotted lines( ……..). However, organisation commitment, 
motivation and culture are the crux of knowledge management implementation.  
 
Figure 8: A framework for managing knowledge in construction. 
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Types of knowledge management software that are available for the construction industry are 
often difficult to visualise. Although not specifically designed for this industry, services offered by 
knowledge management tools are depicted in Table 8. 
 
Table 8: Services offered by advanced knowledge management tools 
• open architecture so information can be transferred across an organisation or temporary 
teams information system. 
• secure access to information dependent on their role within the organisation or temporary 
team.  
• a library of documents (explicit knowledge) to be stored, searched and classified. 
• dynamic pathways linking people, events or other project information. KM tools should be 
able to offer direction and awareness of critical information. 
• Classification of knowledge, KM tools can offer a taxonomy framework for the 
classification of items in order to enable both tacit and explicit knowledge exchange. 
• Tacit to tacit knowledge transfer can be used to help individuals; projects and 
organisations share what they know and what they may not be aware they know. This is 
achieved through connecting the project work environment to the knowledge framework. 
This allows projects to build transparently information that can be discovered by the 
wider organisation thereby facilitating one to one knowledge sharing.  
(Protocol, 2002) 
 
This is just one example of the type of the functions current software is able to perform. 
Advanced and sophisticated knowledge management software enables the organisation to 
capture, retain, protect and manage its knowledge (Protocol, 2002). Such technology needs to 
be adapted to the needs of the Construction industry, however as stated earlier, it is useless 
introducing technologies when the needs of the industry are so ill defined.  
 
2.3.6. Conclusion 
 
This paper has discussed the importance of knowledge management in the increasingly 
competitive construction industry. Most noteworthy is the need for the development of a 
coherent knowledge management strategy for the construction industry dependent on 
organisational size. An existing framework has been presented, as well as an example of the 
functions current knowledge management software is able to undertake. But further investigation 
is necessary to determine what type of knowledge management tools will benefit the Australia 
Construction Industry. Only then can accurate and useful recommendations be made.  
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2.4. Visualisation of Complex Project Information through a Project 
Life Cycle 
  
2.4.1. Introduction 
 
The lack of structure in the construction industry makes it difficult for effective project 
management to take place. The industry would benefit from intense information management to 
efficiently manage each agent’s actions throughout a given project life cycle. A form of 
information management that aids the retrieval of complex project information from a project life 
cycle is an information visualisation tool. Such tools can retrieve complex information and 
generate a visual representation of the results, offering insightful possibilities or options, as a 
means to foster further exploration of data. Such a tool would incorporate methods such as 
knowledge discovery and data mining.  
 
Information visualisation is a way to reveal insights about information by visual interpretation. Its 
intention is to “optimise the use of our perceptual and visual-thinking ability in dealing with 
phenomena that might not lend itself to visual-spatial representations” (Chen 2002). This review 
will discuss how the construction industry can benefit from information visualisation as an 
information management initiative, how knowledge discovery and data mining compliment 
information visualisation.  
 
Visualisation tools have been developed in the areas of virtual environments, interactive data 
exploration and multidimensional analysis. These tools will be used to display the current and 
future capabilities of information visualisation.  
 
2.4.2. Definition of Information Visualisation 
 
As the amount of interest in information visualisation has increased, it is becoming recognised 
as a field that is best used in conjunction with other disciplines. Chen (2002) describes 
information visualisation as an interdisciplinary field of study that has been linked with scientific 
visualisation, information retrieval and geographic information systems. 
 
Information visualisation aims at reducing the “complexity of examination and understanding of 
information for humans, by designing proper techniques for the visual display of data”, (Chittaro 
2001). Chittaro (2001) believes these techniques aim to achieve a number of goals, these are: 
 
i) allowing users to explore data at various levels of abstraction, 
ii) giving users a greater sense of engagement with data, 
iii) giving users a deeper understanding of data, 
iv) encouraging the discovery of details and relations which would be difficult to      
 notice otherwise, and 
v) supporting the recognition of relevant patterns by exploiting the visual recognition 
 capabilities of users. 
 
Information visualisation can be simply described as a way to visually spark the imagination 
(Peuqeu & Kraak 2002). An example of this is shown in figure 1 (Peuqeu & Kraak), where the 
world is upside down from the way we are used to viewing it. The spatial relationship between 
the continents has been altered and forces us to look at it differently, and perhaps, 
uncomfortably. It can be uncomfortable to look at because one might try to assert where each 
continent is supposed to be located. It looks different and unknown because we cannot 
43 
recognise the continents as easily as before, and thus we are forced look in a different light. 
Take for example the islands of Canada near Greenland, where one may not of noticed the large 
area that these islands take up. This example adheres to the fourth and fifth goals outlined 
above. The figure uses the fourth goal to encourage user to discovery details that would 
otherwise go unnoticed. The figure is also an example of the fifth goal as it uses the world map 
pattern to exploit the users recognition capabilities. 
 
Figure 9. An inverted view of a world map provides a novel perspective 
 
(Peuqeu & Kraak2002) 
 
Visual presentations can be very powerful in revealing trends and highlighting outliers, showing 
clusters and exposing gaps (Shneiderman 2002). The term outlier describes a data value that is 
considered far apart from other data in the same set. The term cluster is used to describe the 
same or similar elements that are gathered or occurring closely together or in a bunch. The 
trends and highlights present instances that can warrant further study. The advantages of 
examining instances depending on their context can result in “commercial advantages, improved 
decision making or deeper scientific insight”(Gahegan, Wachowicz, Harrower, Rhyne 2001).  
The flexibility of these controls, and the options available provide for good user interaction. 
 
An example of information visualisation software that does this is Spotfire. It acts as an insightful 
information display tool that allows dynamic queries for filtering information. Dynamic queries are 
part of dynamic exploration, which is often called the “what if...?” activity (Spence 2001). A query 
involves the interactive control by a user of visual query parameters that generate a rapid visual 
display of database search results (Shneiderman 1999). Figure 2 (Shneiderman 2002) shows 
Spotfire’s graphic user interface, its sliding controls are an example of visual query parameters. 
Spotfire helps locate outliers and clusters of information that may need further exploration. The 
diagram shows where chemical elements showing the strong correlation between ionizing 
energy and electronegativity. Note the two outliers, radon (Rn) and helium (Hn) are distinctively 
apart from the cluster. 
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Figure 10: Spotfire (www.spotfire.com) display of chemical elements showing the strong correlation between 
ionisation energy and electronegativity, and two dramatic outliers: helium and radon 
 
(Shneiderman 2002) 
 
Visualisation can also play an important role in “process- pattern tracking”, which can be 
described as visual representations that display key aspects of a process as it unfolds (Gahegan 
et al 2001). This process aids the decision making process, by allowing the user to backtrack 
through visual data, and see other “what if” instances. The slider controls in Spotfire allow for 
such pattern tracking. The user can move the sliders back and forth and by a certain increment 
to see the change in information display, and go back to their original discovery if necessary. 
The slider co-ordinates can be saved for later exploration.  
 
One problem that faces information visualisation is that current hardware and software is not of a 
standard where information visualisation can be used to greatest effect. Shneiderman (1999) 
noted that the “dynamic query approach is poorly matched with current hardware and software 
systems”, because “current database management-tools cannot easily satisfy these 
requirements for rapid searches, and rapid graphical display methods are not widely available”. 
Although the technology exists, visualisation tools have not been developed in accordance with 
current hardware and software standards. Perhaps this is due to the late realisation of the 
benefits of information visualisation, for example, the first IEEE Symposium on information 
visualisation was in 1995. 
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At present current information visualisation software is limited in terms of user interface design. 
Robinson & Shapcott (2002) remark that in visualisation of data mining techniques, interaction 
and user interface control is restricted to traditional Windows graphic user interface elements. 
They suggest, “it is possible that interfaces which immerse the user in the interface and 
visualisation could prove more effective”. Successful user interface design allows for good user 
participation and the ability to master the environment, which in terms of information retrieval 
results in better searches and interpretation of results. For example, refer to Spotfire, it has a 
simple graphic user interface, with buttons and windows similar to a generic Windows 
application. It does not invite interaction that one might encounter from a computer game or an 
interactive multimedia display. The graphic interface is an important attribute of information 
visualisation, if it is limited, the visualisation will be less insightful.  
 
In Shneiderman’s (1999) discussion about dynamic queries he believes, “dynamic queries could 
be generated by user-interface builders or user-interface management systems”. This idea 
emanates from the fact that there is a fundamental conflict between the goal of presenting 
information in a suitable form for the user, and for processing by the computer (Ahler & Weimer 
2002). 
 
Robinson and Shapcott (2002) comment on computer games as an ideal environment for user 
interaction, “game players... rapidly learn to navigate and problem solve within these 
environments”. For example, some fantasy games require a user to act as an avatar to explore 
the surroundings, learn the environment and how to manipulate it in order to reach the goals of 
the game. They learn to navigate and problem solve within these parameters despite their 
unfamiliarity. Such games are very popular, that they have to be upgraded to keep up with 
demand.  
 
When a user learns to control a program they feel enjoyment and satisfaction, which makes 
them feel empowered. This empowerment encourages the user to autonomously seek and 
explore the program in their own dynamic way. Shneiderman (1999) supports this view, 
“dynamic queries can empower users to perform far more complex searches by using visual 
search strategies. The enthusiasm users have for dynamic queries emanates from the sense of 
control over the databases”. 
 
This suggests that the organisational benefits of information visualisation extend further than 
information management. It has the potential to positively influence organisational culture. In 
terms of the construction industry, this is an area that has been consistently regarded in 
literature as in need of change. Empowering employees may be a step towards this. 
 
2.4.3. Knowledge Discovery and Data Mining  
 
A term has been coined for knowledge discovery and data mining, knowledge discovery in 
databases (KDD). It will be discussed how KDD and information visualisation successfully 
crossover.  
 
KDD is defined as “the exploration and analysis by automatic or semi-automatic means of large 
quantities of data in order to discover meaningful patterns or rules” (Robinson & Shapcott 2002). 
KDD exploits the abundant supply of data accumulated in the day to day functioning of a system 
in order to build models of a domain interest (Robinson & Shapcott). In turn these models can 
make predictions about the domain. KDD’s ability to make predictions would be beneficial in 
supporting the decision making process.  
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KDD has also been described as “the nontrivial extraction of implicit, previously unknown, and 
potentially useful information from data (Pyrke 2001). Like information visualisation, it “uses 
machine learning, statistical and visualisation techniques to discover and present knowledge in a 
form which is easily comprehensible to humans” (Pyrke). KDD is related to information 
visualisation in that it forms the structure for which information visualisation can take place.  
 
 
KDD applications tend to concentrate on the model-building phase of the data mining process 
and rarely engage the user in other stages (Robinson & Shapcott 2002). For KDD applications to 
be successful they have to incorporate visualisation in the entire process instead of just the final 
results. This adheres to the discussion earlier about the problem of presenting information for 
computer processing versus presentation purposes.  
 
The current status of KDD’s visualisation techniques is considered conventional, similar to the 
standard Windows style graphic user interface. This problem echoes what was brought up 
earlier about the lack of advanced user interaction with information visualisation applications. 
KDD software or also known as “siftware” struggles in the market place, despite the general 
interest and potential business rewards, “in 1998 there were over seventy companies producing 
siftware, but of these, all but one or two were estimated to be losing money” (Robinson & 
Shapcott 2002). The market’s hesitancy to uptake this technology suggests that it is not refined 
to meet its needs. 
 
It appears that the development of information visualisation parallels that of KDD. There are now 
quite a few books on this combined area, with scholars in information visualisation and KDD 
alike, reporting the advantages of such a crossover.  
 
2.4.4. Knowledge Management 
 
There is also some consideration for knowledge management as part of KDD and information 
visualisation. Knowledge management can be defined as seeking to “improve the performance 
of individual organisations by maintaining and leveraging the present and future value of 
knowledge assets”,  (Newman & Conrad 1999). Ahlers and Weimer (2002) refer to it as fostering 
the flow and build-up of information and knowledge that is relevant to organisation’s business 
processes. Knowledge management systems encompass both human and automated activities 
and their associate artifacts (Newman & Conrad). The three types of knowledge artifacts as: 
explicit knowledge, implicit knowledge and tacit knowledge (Newman & Conrad). Explicit 
knowledge is knowledge that can be directly transferred from one person to another, such as a 
book. Implicit knowledge is a knowledge artifact whose meaning is not explicitly captured but 
can be inferred. Tacit knowledge is described as the most insidious and powerful of the three; it 
can be described as “knowing more than we can say”. Knowledge management acts as a tool to 
capture these three types of knowledge.  
 
A challenge of knowledge management is to provide mechanisms for the structuring, navigation, 
retrieval and visualisation of knowledge (Ahlers and Weimer 2002). This suggests information 
visualisation and KDD crossover into this discipline. A knowledge management tool can help 
retrieve or allow access to knowledge in a project life cycle. Knowledge management’s place is 
in the information management of a life cycle database, it allows data whether explicit, tacit or 
implicit to be easily retrieved. 
 
2.4.5. Visualising Complex Information in a Project Lifecycle 
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The nature of the construction industry tends to be disorganized which makes it difficult to 
implement innovative ideas. Due to the adversarial nature of construction industry, agents such 
as architects, engineers, contractors, and subcontractors often fail to work under the same 
management. The lack of structure and coherence between agents makes for poor project 
management. To improve project management there needs to be better management of 
information, knowledge and data throughout a project life cycle. A project is one of the times 
when all agents come together. Information visualisation provides a way to discover insightful 
project information, data or knowledge that may be considered vital to the overall success of the 
project. This is possible by factors such as decision making, project performance, 
communication, cost, client satisfaction, and project time being directly or indirectly influenced by 
visualisation discoveries.  
A project life cycle is a way of categorising information. It allows each agent retrieve data at a 
given time that is relevant to them, so as to research information about “what if” scenarios. 
These scenarios include exploring opportunities, analysing data, analysing cost, displaying 
problems of the past, suggesting future problems, and recognising anomalies that need further 
exploration. Information visualisation can present all of this information to the user, no matter 
what kind of agent, in an intuitive way to stimulate exploration. The proposed outcome of using a 
visualisation tool is for the participant to successfully interact with the presentations, for them to 
be empowered by their ability to navigate the application successfully and with enjoyment, and 
evolve into independent seekers. Thus generating insightful and intuitive exploration, whereby 
the user is able to pose precise search requests and accurately decipher search results. 
 
To visualize complex project information in a project life cycle, an information visualisation tool 
must incorporate KDD and knowledge management. As discussed above, knowledge 
management is related to both KDD and information visualisation. It has been heralded as a 
“promising tool to simultaneously improve product quality, product time to market and overall 
cost” (Ahlers & Weimer 2002). Furthermore it has a recognised goal to “foster the flow of 
information and knowledge that is relevant to the organisations business processes” (Ahlers & 
Weimer). In this sense, knowledge management is an innovative way to manage information 
and knowledge within an organisation. A tool that incorporated knowledge management and 
KDD would provide a platform for effective information visualisation to take place. 
 
2.4.6. Visualisation Tools  
 
The following discussions on information visualisation in virtual environments, visualising 
interactive data exploration, and visualising multidimensional data analysis are examples of the 
capabilities of present and future information visualisation tools. It is important when measuring 
the success of an information visualisation tool to consider the type of graphic interface, amount 
of user interaction, and amount of data exploration being employed.  
 
2.4.6.1. Information Visualisation in Virtual Environments 
 
There is a prominent interest in using virtual environments to enhance user interaction. The 
rationale behind this was discussed beforehand when the potential of role-playing, problem 
solving fantasy games was considered. Research into virtual worlds came about after the 
realisation that it was difficult for social interaction to take place in a two dimensional state 
(Spence 2001). Spence believes in virtual worlds people can “explore, socialise, acquire 
information, teach, play and generally do most things possible in a real world”. Virtual worlds are 
a possible information storage vehicle for information to be displayed in a life cycle format. 
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Wen, Mehdi and Gough (2002) believe that animation techniques are important in determining 
the effectiveness of interaction between “intelligent agent” and human users in virtual 
environments. The term agent is used to describe a character or avatar that the participant uses 
to make contact with the virtual environment. Wen et al are concerned with the visualisation of 
agent behaviour, and have proposed a new animation system that visualises realistic behaviour. 
This procedure would allow the agent to “perform behaviours based on internal states and 
external stimuli” (Wen et al). They believe that better visualisation of agent’s behaviour will result 
in “smarter participants”. This type of animation will provide a better way for the user to interact, 
interpret and retrieve data or stimuli. This system is an example of an effective visualisation 
technique that enhances the amount of information visualisation in the application.  
 
The animation system consists of three parts, synthetic vision, FzFSM with memory, and an 
animation library that uses mesh-skinning techniques. Synthetic vision can be described as a 
form of immersive virtual reality (Simmard, Ferrie, Link & Kruk 2000). FzFSM, is a finite state 
machine that differs from the traditional by giving each distinct state a fuzzy set (Wen et al 
2002). Mesh-skinning is a type of animation that can produce “smooth” and “real-time” character 
animations (Wen et al). Thus, the system incorporates virtual reality techniques to display 
realistic agents in real-time. Real-time interaction allows the user to directly manipulate the 
environment through the agent. This fosters better interaction with the application, as the user’s 
requests are done instantly. This system provides a platform for good human-computer 
interaction to take place.  
 
As a visualisation technique, the animation system may be used to access or retrieve 
information, data, or knowledge in a life cycle, if the life cycle was formatted as a virtual 
environment. An information visualisation tool for a project life cycle can benefit from operating in 
a virtual environment. The environment would allow for a level of interaction equivalent to what 
game players have. However, it may not be a feasible option at present due to the costs 
involved in developing and running virtual reality applications. 
 
Wen et al (2002) aim to carry out future work on navigating the agent with its own synthetic 
vision to perform tasks such as path finding, object relocation and obstacle avoidance. This 
suggests that the construction of agents and virtual worlds is in development stages. Therefore 
this system is a possibility for the future only due to current hardware and software limitations. 
 
2.4.7. Visualising Interactive Data Exploration and Multidimensional Data 
 
The MedView project is based on a co-operation between computer science and clinical 
medicine. The goal of the project was to develop models, methods and tools to support clinicians 
in their daily diagnostic work. As part of the project, two information visualisation tools were 
developed and tested as solutions to the problem of visualising clinical experience derived from 
large amounts of clinical data.  
 
The first tool, The Cube, was based on the idea of dynamic 3D parallel diagrams, similar to the 
idea behind 3D parallel coordinates (Falkman 2001). It was developed to enhance the clinician’s 
ability to intelligibly analyse patient material and allow for pattern recognition and statistical 
analysis. The second tool, SimVis was based on a “similarity assessment-based interaction 
model for exploring data” (Falkman). It aims to help clinicians classify and cluster clinical 
examination data. The tools were tested on a knowledge base of about 1500 examinations 
obtained from different clinics. 
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There is a need for clinicians to maintain the increasing amount of medical data in a way that 
provides for analysis and exploration. “In order to facilitate the exploration and discovery of 
interesting, intelligible and perhaps even novel clinical knowledge, clinicians need tools that 
allow and encourage them to classify and cluster clinical data in different ways”, (Falkman 2001).  
 
2.4.7.1. The Cube 
 
The Cube incorporates the ideas behind parallel coordinates, which are described as “a solution 
to multidimensional analysis, exploratory data analysis, and data mining”, (Falkman). It presents 
information on multiple dimensions (3D) for visual analysis, and provides means for direct 
manipulation.  
 
It consists of four modules (Figure 3), each housed in a different visual interface. The first 
module is used to define a new Cube for selecting dimensions. The second generates 3D 
parallel diagrams for examination. The user can select parts to be examined more closely in the 
third module, and the fourth provides the statistics. The allocation of different stages in the 
analysis process, the clinician is provided with greater accurateness when forming an inquiry. 
 
Figure 11. The panel for defining cubes (upper left), the visualisation of 3D parallel diagrams  (middle), the statistics 
panel (upper right), and the window for detailed examination of a selection of lower lines 
 
(Falkman 2001) 
 
The Cube has a variety of visualisation techniques providing an environment for good human 
computer interaction. Some of the techniques include cube transformation and rotation, 3D 
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parallel or perspective projection, line, point and plane hiding, zooming, selected colour coding, 
semi-transparent viewing, and dynamic query navigation. These visualisation techniques are 
very user-centric. They allow for a lot of choice, and thus interaction with the program.  
 
For a better indication of The Cube’s abilities figure 4 and 5 have been presented (Falkman 
2001). Figure 4 shows a picture of The Cube with two-plane analysis. On the first plane, the 
smoking habits of the patients were presented and on the second plane, the different diagnoses 
are displayed. Figure 5 displays how this information can be turned into 3D. It classifies the 
smoking habits into groups and by classification of diagnose, then it uses colour to differentiate 
between the two different forms of OLP. The amount and choice of presentation options 
available allows the clinician to have a lot of control over the program. Therefore the clinician 
should be able to deftly form inquiries.  
 
The amount and choice of different interfaces, visualisation techniques and presentation options 
provide the participant with an excellent opportunity to successfully analyse and explore the 
data. Each participant’s preferences of analysis can be satisfied due to the amount of 
customisation available. In this way the visualised data will be interpreted in the best way 
possible. 
 
Figure 12: All diagnoses relating to the number of cigarettes/day 
 
(Falkman 2001) 
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Figure 13: The picture in Figure 4 has been simplified by classification of smoking habits, by classification of 
diagnoses and uses colour to differentiate between the two forms of OLP 
 
(Falkman 2001) 
 
2.4.7.2. SimVis 
 
SimVis is based on an interaction model for exploring clinical data based on the computation of 
similarity values. It helps clinicians classify and cluster examination data. With SimVis a clinician 
can interactively construct a similarity measure between examination records, apply the 
measure to a database of records and visualise the resulting classification. 
 
SimVis consists of three modules (Figure 6) (Falkman 2001). The first module is used for 
constructing similarity measures and estimations. The second module creates and examines a 
visual 3D hierarchical clustering based on the similarity values. The third module is where the 
selected values can be examined in detail. In terms of interaction, the three different interfaces 
allow for plenty of room for forming search inquiries. Each window helps the clinician define the 
search or allow for further analysis. The use of multiple windows to define search parameters 
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was also employed by The Cube. This displays how inquiry forming is an important step in data 
discovery.  
 
Figure 14: Shows the panel for constructing similarity measures (left), the visualisation of clusters (middle), and the 
visualisation of individual similarity values (right) 
 
 (Falkman 2001) 
 
The visualisation and user interaction techniques used are similar to those employed by The 
Cube. SimVis’ visualisation techniques include: picture scaling, adjustment of height and width of 
a hierarchical cluster. User interaction techniques include: keyboard shortcuts, leaf and internal 
node selection, subclusters selected and movement to a new window, and tree animation from 
top to bottom and bottom up. 
 
In the second module dendrograms have been used to display the 3D hierarchical clusters. 
Dendrograms are a tree-like figure commonly used to graphically represent a hierarchy. In this 
case each leaf represents an examination, internal nodes represent cluster points, sub-trees 
correspond to sub-clusters, and the root of the tree corresponds to the top-level cluster. 3D is 
used to utilise screen space as data density increases, and to promote better investigation of the 
dendrogram as its shape changes. SimVis’ 3D dendrograms give visual cues of where to find 
interesting clusters and outliers.  
 
Other cues are made visible by visualising the clusters in different ways. Clusters can be 
visualised in different layouts and various parameters controlling the visualisation can be 
modified. SimVis provides the user with three different cluster tree layouts, a uniform layout, a 
relative layout and an orthogonal one (Figure 7) (Falkman 2001). In the first two layouts, the tree 
structure is given an artificial 3D form by wrapping it around a 3D cone. The uniform layout is the 
default layout. In this layout the root of the cluster is placed at the top of the cone, individual 
layouts are placed along the base of the cone and internal nodes, together with the branches are 
laid out on the surface of the cone. The relative layout is like the uniform one; it is as if someone 
has taken a horizontal slice of the cone revealing the density of the data points and clusters. 
With very dense cluster trees, the relative layout can give a clearer picture of the different cluster 
levels compared to the uniform layout. In the orthogonal layout, the branches of each tree are 
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presented at right angles to each other. The different layouts provide the clinician with a lot of 
choice when exploring data, and helps increase chances of discovery.  
 
Figure 15: The three tree layouts of SimVis seen from above: uniform layout (left), relative layout (middle) and 
orthogonal layout (right) 
 
 
(Falkman 2001) 
 
Like The Cube, SimVis employs various means of user-interaction, visualisation and 
customisation. This suggests that for effective searches and exploration to take place, the user 
must be presented with an abundance of possibilities in order for effective exploration or 
discovery to happen. Considering a user has their own preferences for how they carry out every 
day things, a user can undertake search methods that are different to others. The two 
visualisation tools promote search individuality, where one search may never be the same as 
another, in order to promote better user interaction and exploration with the application. They 
empower the participant through the amount of control they have over the application. Through 
these techniques the tools successfully provide a platform for information visualisation and KDD 
to take place.  
 
2.4.7.3. The Cube and SimVis’ Use in the Construction Industry 
 
The Cube and SimVis are both successful information visualisation tools. Both could be used to 
find complex information in a project life cycle. However, The Cube would probably be the most 
effective tool to suit the construction market, as it is notably easier to view results in The Cube 
compared to SimVis. SimVis requires the user to look at dendrograms and different cluster tree 
layouts (figure 6), which are quite complicated to comprehend. The Cube’s relatively simple 
displays are easier to understand, especially for a market that is unaccustomed to using 
visualisation. This ease of use ensures all project participants will be able to use such a 
program. A program like SimVis is still a viable option, but perhaps only for the more 
experienced users, and for participants who had mastered The Cube. 
 
2.4.8. Conclusion 
 
It is clear that information visualisation can provide a beneficial tool for retrieving complex data, 
information and knowledge from a project life cycle. A visualisation tool will provide the 
54 
opportunity for successful analysis, discovery and exploration to take place, and in turn will 
improve overall project performance.  
 
With the increasing interest in information visualisation the capabilities of visualisation tools will 
also increase. Therefore the construction industry should capitalise on information visualisation 
whilst it still can. The industry can easily integrate a project life cycle visualisation tool into its 
practices and culture because the present tools are not too advanced. The tools are not at a 
level where only experienced users can use them, so it would be beneficial to take advantage of 
them before they become more complicated. With the coming of virtual reality, hence virtual 
environments, it will be easier for users who have experience with visualisation to benefit from 
this new technology.  
 
Information visualisation tools have potential in not only project life cycles, but as a support tool 
in any organisation. Combined with knowledge management and KDD, information visualisation 
will emerge as a powerful business support tool. 
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3. RESEARCH DIRECTIONS 
 
The previous section regarding project team integration concentrated on reviewing literature to 
identify key factors relevant to project and virtual team (VT) environments, and the development 
of a methodology for collecting data from project team participants. This section presents the 
findings of a single project case study where data was collected, using semi-structured 
interviews, from project team participants. 
 
The report begins by providing brief details of the case study project, and then outlines the way 
in which the data were collected and analysed.  Then the results of the data analysis are 
presented, with additional detail being provided in Appendix 1.  A subsequent discussion section 
compares the analysis of the case study with the outcomes of the literature review, as detailed in 
the `Interim Report'.  This firstly compares the work design model (Parker et al, 2001) with the 
case study and, secondly, presents a comparison of key factors identified from the literature, the 
detail of which is presented in a tabular format in Appendix 2. 
 
Finally, overall conclusions relating to the outcomes of our research are presented which 
contrast the potential of ICT to improve the nature of project team performance with factors that 
may be counterproductive.  Both the literature and findings of the case study support the case 
for ICT leading to improvements in the performance of people and projects.  Such initiatives 
would promote a culture of business development encompassing organisational learning and 
continuous improvement.  With regard to 'people' issues the need for training, and the 
acquisition and continuing development of appropriate knowledge and skills were seen as 
crucial.  Support is required in terms of skills development, where appropriate. In addition, 
'technology' issues also need addressing.  The research concludes that, given the increasing 
impact and utilisation of ICT, there is a need to investigate further how project 'success' is 
achieved, particularly in relation to developing strategies for the areas of 'people'  'process'; and 
'technology'. 
 
It is recommended that construction project virtual teams be further investigated to identify and 
audit the skills required of members operating effectively and efficiently in such environments.  In 
addition, the availability of courses to develop the skills identified needs to be assessed.  Such a 
focused strategy will allow managers to match market opportunities with core competence of 
their workforce. 
 
Another recommendation for further research is the development of post-project completion 
'debriefing' and feedback mechanisms. Our studies found little evidence of such 'de-briefing' 
processes.  This fundamental part of business development and organisational learning ensures 
that people and their organisations learn from their experiences, and feed lessons from this into 
strategies to continually improve their practices. 
 
A checklist of critical success factors for project teams using information and communication 
technology (ICT) is provided in Appendix 3, based upon the findings of this scoping study.  This 
document is exploratory, and illustrates the type of instrument that could be used to as a de-
briefing mechanism to contribute to individual and organisational learning.  The development 
and provision of such tools is seen as an area for future research. 
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3.1. The Case Study 
 
The case study project was a large Government facility with a contract value of $95 million and a 
construction duration of approximately two years.  The client was a State Government. The 
professional design team were all employed by the client organisation, but had to tender 
competitively to work on the project. The project was procured using a traditional contract with a 
contractor tendering on a full design.  This was a departure from previous practice, on similar 
projects, where a design and construct from of procurement had been used.  Once the 
contractor was appointed a partnering relationship was established between all of the project 
participants. One of the contractual requirements was that the main contractor established a 
`web portal’ to be used by all parties working on the project.
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3.2. Data Collection 
 
Data were collected by conducting interviews with eight members of the project team, who were 
involved in the case study project.  They were: 
 
• Senior project coordinator / project architect 
• Client representative 
• Project manager 
• Senior mechanical engineer 
• Principal electronics engineer 
• Senior quantity surveyor 
• Main contractor 
• Subcontractor 
 
3.2.1. Data processing and analysis 
 
All interviews were tape recorded and then verbatim transcripts were word processed. To 
expedite the analysis of the interview data a specialized computer software package was used.  
The `Ethnograph’ software is, 
 
“…a collection of procedures designed to enhance and facilitate the process of qualitative data 
analysis….the process of noticing, collecting and thinking about interesting things.” (Seidel, 
1998: p3)     
 
Each interview question response was assigned a unique code word.  The ‘Ethnograph’ 
software allows for  all answers, in this case eight, from interviewees to be retrieved so that the 
answers can be compared and analyzed by identifying differences and similarities in the 
interviewees’ responses.  
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3.3. Results of the Case Study 
 
Results are presented from the analysis of the interviewees’ responses to the questionnaire.  
The following sections relate both to the structure of the questionnaire and to the work design 
model upon which the questionnaire was based (Parker et al, 2001: 419-432). 
 
In the following sections key issues identified in the analysis of data are presented and 
supported by, where appropriate, quotations from interviewees, shown in “italics”. The analysis 
is presented utilizing the two dimensions used in the questionnaire: 
 
• project case study experiences, and, 
 
• views on future changes / improvements. 
 
A complete summary of results for each question is included in Appendix 1 of this report. 
 
3.3.1. Section 1: Background Information 
 
Interviewees had experience of working on a range of projects per year (1 to 60) and scope of 
project, from small to large. Project values ranged from $1 million to $100 million with durations 
from one to three years.   Projects were primarily Government / public buildings.  Interviewees’ 
location and work were almost exclusively conducted within one State. 
 
3.3.2. Section 2: Project Antecedents - (A) External Organisation Factors 
 
3.3.2.1. Project case study experiences 
 
The consensus was that the client’s requirements were not very demanding because 
interviewees had completed a lot of this type of work before, and that the technology available 
was adequate.  Economic factors were seen to have an effect on interviewee’s organisations’ 
work on this project.  At the time the case study project was conceived, there was little 
construction activity underway.  It was noted that the tender for construction work was very 
competitive.  
 
There was unanimous agreement that the nature of the labour market did not affect the various 
organisations’ work on the case study project.  However, political impact was seen as significant.  
At the time, the Government wanted to increase employment in the region, and the case study 
project was used as a vehicle to deliver this. Industrial impact noted was that there was little 
overt labour disruption during the construction process, but the effort required to achieve this, by, 
“…staying on-side with the trade unions…” was acknowledged and noted by the interviewees.  
 
3.3.2.2. Views on future changes / improvements 
There was no consensus in the way interviewees foresaw changes and / or improvements in the 
demanding nature of clients’ requirements for projects.  The suggestions made related to 
procurement, use of partnering, learning from successive projects, the need for a detailed client 
brief and accommodating technological changes.  Interviewees observed that the technology 
available to them within their organisations could be improved by the integration of the various 
computer systems used by the parties.  This could be facilitated by improving access to the web 
portal, more training and management of versions of software to facilitate compatibility of data.  
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An improvement that was suggested to the ICT systems was that wider access to data was 
desirable. 
 
Some economic factors were noted such as exchange rates, commercial pressures on public 
organisations and a recognition that innovations such as the web portal cost money, and 
therefore their costs should be built into tenders.  No changes or improvements were foreseen in 
the way the labour market affects interviewees’ organisations’ work.  However, the volatility of 
the situation was noted by one interviewee who stated that, “…we are currently going through 
shortages now in the labour market…it didn't on the case study experience but it can do in this 
industry very dramatically and very quickly.” 
 
3.3.3. (B) Internal Organisation Factors 
 
3.3.3.1. Project case study experiences 
 
Interviewees recognized a variety of management styles within their organisations, with no 
particular style dominating.  Most interviewees saw the tasks their organisation conducted as 
structured or very structured.  This appeared to be driven by quality assurance requirements and 
a need for standardization.  
 
No clear indication was provided of how defined or undefined tasks were that interviewees’ 
organisations conducted.  The consensus was that the tasks were defined, but the extent to 
which this was done varied.  Some tasks were explicitly documented, others were tacit, and 
others needed to be defined on a job-by-job basis.   
 
All of those interviewed had some experience of working with other parties on the project before.  
This ranged from extensive experience, over seven years, to more recent experience.  
 
Most interviewees had previous experience of communicating electronically, using email and the 
web portal, with the other parties on this project. Email dominated as the communication method 
/ technology which people used most frequently for conducting their work. Only two interviewees 
had not used email. A web portal was introduced and implemented by the contractor on the 
project.  This was a condition of their contract.  The purpose of the portal was stated as 
providing a, “…collaborative way of communicating electronically on the project to make 
communication more efficient.” 
 
A number of respondents saw their organisational culture as being ‘commercial’.  As such they 
recognized a need to make a profit. One respondent stated that they saw their culture as being, 
“…innovative and creative in what is a very traditional type industry.”   
 
3.3.3.2. Views on Future Changes / Improvements 
 
No future changes / improvements were predicted regarding management style, with the 
interviewees being satisfied with existing management styles.  Generally the interviewees 
envisaged no changes to the structure of the tasks conducted in their organisations.   
 
Information Technology (IT) was identified as a factor that would / might influence the nature of 
interviewees’ work.  It was suggested that IT systems could speed up tasks, and help facilitate 
decisions, and that it was desirable to have mundane tasks eased by utilizing IT systems.  One 
respondent stated that, “If there is a fairly structured environment then at least they understand it 
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fairly quickly.  However, you have to make sure that doesn't choke your organisation at the same 
time and you have to allow creativity and those sorts of things to flow.”  
 
The importance of maintaining definition (e.g. to accommodate different tasks / projects / 
technology) was seen by several interviewees as an issue to be addressed / improved. Also 
identified was the need for a clear definition by the client of their requirements; i.e. the project 
brief. 
 
Generally the parties saw this case study project as being, as one interviewee stated,  “..as good 
as it gets.”, and all but three of them did not see any opportunity for further improvements.  The 
remaining interviewees identified some aspects for improvement such as pushing technological 
boundaries, consideration being given to different procurement processes and more open 
participation between all project participants.  
 
Email was identified as an area for future changes / improvements.  It was generally seen as a 
useful tool and one that should continue to be promoted.  Other suggestions included more use 
of the web portal and progress towards a paperless office. No dramatic changes were forecast in 
the way organisations use particular communication methods and technology to conduct their 
work.  Evolution of electronic technology was viewed by most as the vehicle promoting 
improvement / change with a move towards E-tendering and E-documentation predicted for the 
future. 
 
When asked to identify changes and improvements in the communication methods and/or 
supporting technology used during interviewees’ involvement on the project, it was suggested 
that more training was required to use technology such as the web portal.  In addition one 
interviewee suggest that there should be, “…more of an awareness of the basis of what we’re 
getting ourselves involved in… from senior management…” 
 
The consensus view was that the web portal worked well and was worth using.  Individual 
suggestions for improvements focused on extending the portal and dealing with more aspects 
related to the project.  There was little consensus on directions for change / improvement with 
regard to the particular work culture that characterized organisations.  In essence, no dramatic 
changes of culture were foreseen. 
 
3.3.3.3. Project Case Study Experiences  
 
Overwhelmingly interviewees agreed that their personal skills matched the characteristics of 
their work.  There was a mixed response to the question of whether interviewees felt they had 
the opportunity to shape and, if appropriate, expand the nature of the work they did.  Five said 
‘yes’ and three said ‘no’.  Positive comments made included, 
 
“Yes and I think that you create that yourself more than anything, you have to have an 
environment or you have to be within an organisation environment that allows it to happen to 
start with.  This organisation definitely allows that to happen through a constructive thinking type 
outlook and it's allowed to flourish to an extent and our senior management basically tells us to 
keep going until you are told to stop. So rather than be directed by them… it's very much 
pushing decision making down to the lowest possible level…”, and, “…yes we have a large 
opportunity to shape and expand the nature of the work that we do.” 
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Less positive comments were, “I think I had the opportunity to shape or expand the nature.  The 
work was pretty standard, straight forward, with all the procedures already set out.”, and,  “I do 
not think we have the opportunity…. it relates back to staffing level.” 
 
The dominant preference was to work in a team, though two interviewees said they would work 
either as an individual or as a member of a team.  There was appreciation of the contribution 
individuals can make within team activities. 
 
3.3.3.4. Views on Future Changes / Improvements 
 
When asked about changes / improvements to the fit between the characteristics of work and 
personal skills, three of those interviewed recognized ‘people’ issues, e.g. skills development, as 
something they would like to improve.  Other comments related to the specific, technical, nature 
of their job.  Change / improvement with respect to opportunities to shape and, if appropriate, 
expand the nature of the work was seen as being driven by a number of influences, including: 
education, technological change and the expansion of market share.  One interviewee provided 
the following example, “A lot of efficiency is lost because of those geographic constraints and 
now with technology   that doesn't have to be the case;   we've definitely made massive in-roads   
in the last two years…”. 
 
Factors inhibiting change included Government structure and other people. 
 
Generally no change in the mode of working, i.e. as an individual or as a team member, was 
foreseen.  Team management,  i.e. managing a project as a team, was seen by two 
interviewees as producing good results. 
 
3.3.4. Section 3: Work Characteristics on Case Study Project 
 
3.3.4.1 (A) Group Level- Project case study experiences 
 
There was general agreement that team members had autonomy and independence to conduct 
their work.  Responsibilities of parties were clearly defined, particularly given that the 
professional design team was in-house and had worked together on previous projects.  There 
was a high dependence on information from other team members, which needed to be accurate 
and timely.  Also there was independence in terms of individuals fulfilling their own professional 
functions, but coordination between functions was necessary.   
 
Electronic communication was used on the project to transmit drawings (e.g. CAD) and email.  In 
addition the web portal, set up by the contractor, was also utilized. Some access problems were 
identified as potentially hindering electronic communication, if not everyone had reliable access.  
The co-location of the design professionals led to more face to face meetings than if they were 
not primarily in the same office.    One problem of using electronic communication, as opposed 
to verbal, was that sometimes there may be a loss of `meaning’ in the communication, which 
then requires clarification.  Information provision also needed to be sufficient and timely. 
 
There was total agreement that the skills provided by the team members were sufficient for the 
project.  Feedback to the team on the project was stated by interviewees as being extremely 
variable, and ranged from formal to none. It was suggested that people can assume feedback, 
positive and/or negative, without being given any explicitly. One interviewee stated that, 
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“Frankly I do not think there was any feedback.  We had meetings to discuss issues and to 
resolve problems and to discuss how things were going to go ahead.  The feedback for me 
would be: did anybody sit down at the end of the project or at stages and do a post mortem on 
how this project went? And I would suggest to you that no they didn’t.  I expect that we’ve all 
taken the fact that there has been no adverse criticism as an indication that we’ve done all right.  
I would say that rarely, in any project, is there any feedback provided to team members.” 
 
3.3.4.2. Views on future changes / improvements 
 
It was suggested that team leadership and a clear definition of project requirements are crucial.  
In addition coordination between team members could be improved, with input from the 
contractor having an influence on project outcomes.  A partnering arrangement could help all 
parties to work towards the same objectives.  To quote one interviewee, “…partnering definitely 
assists that in our objectives and getting to know individuals and parties and their requirements 
early on in the job and building up that relationship very early on….” 
 
Most interviewees were of the opinion that increasing the usage of ICT could improve efficiency 
in communication and coordination between project team members.  One interviewee stated, 
“…ICT can basically eliminate some of that risk and stress and the efficiency of your ICT can 
almost I believe in the future eliminate it.” 
 
It was also suggested that improved technology, for example using voice and video facilities, 
and familiarization with ICT systems through training, would be beneficial and help individuals to 
reflect upon previous personal preferences not to use electronic communication. 
 
With regard to future skills in project teams, issues such as the need to plan project teams and 
maintaining the quality of the team were raised.   
 
There was general agreement on the need to formalize feedback mechanisms which should 
provide constructive feedback to the team.  The need to conduct a post project evaluation / 
debriefing was again raised by an interviewee, 
 
“There should be improvement, one of the things that is lacking…..is a pat on the back when you 
do it right.  We seem to be quite keen to give people the other approach and that is if you get it 
wrong to let you know you’ve got it wrong but there is not much done to give you that pat on the 
back.. Clients [in general] tend to focus on the one percent that went wrong on the project and 
forget about the ninety nine percent.   Organisations…are particularly lacking in giving anybody 
a pat on the back so it would be nice for people to do an assessment of performance and give 
you the pat as well as the prod.” 
 
3.3.5. (B) Individual Level 
 
3.3.5.1. Project case study experiences 
 
At an individual level all interviewees were happy with the level of control which they had over 
their work, and that they had the necessary skills to perform it.   
 
Again, as in (A) above, there was no clear performance monitoring on the project.  Adherence to 
quality assurance systems was seen as having some monitoring function. However, it was 
suggested that monitoring was mostly informal with financial criteria being the favored measure.  
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There were no significant conflicts between team members, other than some minor personality 
issues. 
 
3.3.5.2. Views on future changes / improvements 
 
The need for team members to understand how and why decisions are made at a higher level 
was seen as an important issue.  This can lead to a perception of a supportive management and 
the development of a good team attitude.   With regard to future skills development the fact that 
skills evolve over time was made, as was the need for involvement in additional courses and 
devoting time to research to keep up to date. 
 
It was suggested more feedback should be provided in the future, and that, if a post project 
debriefing was to be conducted, Key Performance Indicators (KPIs) could be developed and 
defined initially to allow a measure to be made of project and team member performance.  One 
interviewee said that there might be a problem with performance monitoring if it is tightly tied to 
fees.  Dealing with potential conflicts could be addressed by providing training to deal with 
people, getting the team together early, and using partnering. 
 
3.3.6. (C) Group- Individual Interaction Factors 
 
3.3.6.1 Project case study experiences 
 
Interviewees stated that balancing work and control over it could be problematic in that, 
sometimes, demands exceeded capabilities, in terms of workload.  This was influenced, in part, 
by the fact that it was felt that some people had limited control over project process, as 
deadlines had been set before they became involved.  There was dependence on other team 
members, particularly for final coordination of work.  As one interviewee stated they were, 
“…very reliant upon advice…which as a lay person you do not fully understand….. you’ve just 
got to trust an individual that you are getting the right advice.” 
 
3.3.6.2. Views on future changes / improvements 
 
Views on future changes included the availability of more skilled people to assist in work, a team 
approach to setting project milestones and the creation of the right balance between staff, 
resourcing and interaction.  The following issue of personalities was also raised by one 
interviewee: “…unless everybody is a little cognizant of all the other people that rely on inputs 
and outputs it can end up a real mess. So its driven by the personalities and that is something 
that you just need to be a bit careful about.” 
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3.4. Section 4: Mechanisms and Contingencies Linking Work 
Characteristics with Project Outcomes (Intermediary Outcomes) 
 
3.4.1. (A) Mechanisms 
 
3.4.1.1. Project case study experiences 
The dominant factor that motivated interviewees to maximize outcomes on this project was 
‘professionalism’.  Those interviewed regarded themselves as professionals, and wanted to do 
things correctly / professionally.  Comments included, “I wanted to ensure that this project was 
better than the previous projects.”, and, “The satisfaction of getting the job done right, that is 
probably the main motivation I had. I enjoy producing a quality job.” 
 
Experience was the main factor identified by four interviewees as helping them to respond 
quickly to problems.  Other factors included good site staff, interaction between team members 
and the use of IT to facilitate solutions to problems.  The factors that inhibited interviewees from 
responding quickly to problems included:  workload, lack of completeness of data relating to 
problems, lack of integration and personality conflicts. 
 
When asked whether they had acquired any new knowledge and skills working on the case 
study project, four interviewees noted that their skills had been developed, but did not specify 
which ones.  One said no specific new skills had been developed.  Others identified the following 
skills that had been improved: managing very large teams, communication skills, use of the web 
and working with different and new contract conditions.   
 
Two interviewees said that working on the project had not led to an increased understanding of 
their work.  One said that the project re-enforced their skills.  The rest identified various skills, 
including: increased knowledge of equipment used, risk management, planning and contractual 
issues. 
 
The most frequently mentioned method / technique used to facilitate interaction between team 
members on this project was meetings.  Various types of meetings were identified, including:  
partnering meetings, meetings at design stage, meetings early in the construction process, site 
meetings and workshops (including value management and risk management workshops).  A 
number of technologies were also noted as having an affect on interaction between team 
members, for example: the web portal, email and the use of mobile phones.  All interviewees 
agreed that the methods used on the case study project to facilitate interaction between team 
members were effective. 
 
3.4.1.2. Views on future changes / improvements 
No clear trend was observed in the way interviewee’s motivation to maximize project outcomes 
would change / improve.  Observations included: regarding the project as a one-off, a desire to 
get the job done properly so that users wouldn’t complain, learning from mistakes and pride in 
work. 
 
Changes that would assist interviewee’s abilities to respond quickly to problems were: a 
dependency on other peoples’ activities, a need for training, a database of lessons learned from 
previous projects and the sharing of IT information.  Interviewees’ comments included, “If there 
was a lot more sharing of IT information I suppose; which I guess there is these days, they can 
just copy files and email them...” and, “I think it would have been far better if we had more 
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formalized database on lessons learnt on previous projects because there were a lot of issues 
that were common to other   projects that we could have perhaps overcome from the outset 
rather than trying to address them on the run…”.  
 
Ways in which interviewees saw they could improve their ability to respond quickly to problems 
included:  better communication between site and deign office on the nature of site problems 
(one suggested the possibility of introducing a web-camera on site), a better fit of staff to work 
tasks, better integration of systems to promote a deeper understanding of problems and better 
resourcing. 
 
Changes / improvements identified relating to new knowledge and skills included: engaging with 
builders earlier in the design and construction process, an appreciation that continuous 
improvement was likely to occur as a function of being involved in a project, and an appreciation 
that skills would be developed as a result of experience on the job. 
 
When asked about changes / improvements that would lead to developing an increased 
understanding of their work, three interviewees said that they foresaw none.  Others identified 
the following: a fresh challenge as an impetus to improve, an understanding of new delivery 
processes brought about by the web portal and improved systems. 
 
There was no discernible trend in responses to the question seeking to identify ways of changing 
/ improving interaction between team members.  Suggestions included: improving understanding 
of new contracts, holding meetings regularly (even when things are going well), having a system 
to generate action plans and providing infrastructure to support electronic communications.  
 
Comments on improvements to facilitate interaction between team members focused on two 
areas: people and technology. With regard to meetings one interviewee made the following 
comment, “…meetings need to be staged at regular intervals even if the project is humming 
along really well.  It just gives you an opportunity to get together and touch base and I think that 
is important particularly on the large projects.” 
 
Changes / improvements that were identified to improve the methods used to facilitate 
interaction between team members related to people and technology. People related issues 
included: enhanced skills in facilitation to help clear up problems, and the development of 
knowledge about a project so that problems could be addressed. With regard to technology, 
interviewees suggested: more use of the web portal and the use of a database system. 
 
3.4.2. (B) Contingency Factors 
 
3.4.2.1. Project case study experiences 
Generally most of those interviewed felt that there was little uncertainty with respect to the 
project goals, other than some issues related to budget and planning.  
 
The consensus was that there was clear alignment between people working in project teams 
and the information and technical support systems available to them.  People did have the IT 
facilities they required available to them.  Issues that were raised related to those who did not 
engage with the technology not wanting to, rather than not having access to appropriate 
technology, and the reliability of IT systems. Interviewees’ comments included, “I think the 
systems there were certainly adequate for the people to do their work.  People who needed to 
do their work via those systems knew what they had to do apart from the case of some people 
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who…had a computer plonked in front of them for the first time and didn't really take much 
interest in it.”, and, “Everybody wanted to go electronic style communication but it wasn't as 
reliable as it needs to be to run a whole project like that.” 
 
There was general agreement that the composition of the team and their skills was appropriate 
for the case study project.  However, one interviewee made the following comments, “Some of 
the team lacked some of the skills because they were new to the game.  Some people knew 
plenty – maybe they knew too much. Some people knew so much that they expected that 
everyone else knew stuff as well. So I think in that regard maybe the senior members of the 
team didn’t think to pass on enough information down the line or maybe junior members of the 
team didn’t think to ask questions…” 
 
3.4.2.2. Views on future changes / improvements  
 
Few changes / improvements were identified that would affect the level of uncertainty in relation 
to the goals of the project.  Those that were identified included: clients should know what they 
want and that team members need to communicate early in the process. 
 
The changes identified to improve alignment between people working in project teams and the 
information and technical support systems available to them were: having an opportunity to learn 
new systems (such as the web portal) before these went live, accommodating technological 
improvements which occur, more integration of systems and the electronic storage of versions of 
drawings. Interviewees’ observations on these issues included, “I think that the system that they 
were using could be more integrated and that could be best achieved if there was a web based 
site for the projects where all the information could be stored once and just accessed regardless 
of where you sit in the team.” and, “…I think it will improve purely because technology will 
change and that will bring with it improvements as things become more miniaturized and more 
available…”. 
 
Changes / improvements identified to improve the appropriateness of the composition of a team, 
and their skills, to a project included using new skills learned on the project on subsequent new 
projects and careful wording of job descriptions.  Comments from interviewees’ were, “The team 
was very good, very skilful, the people who are working the project. If they go forward to other 
projects they can improve on what they have done. If there is a similar sort of a project to this 
one in future and people with the same level skills aren't able to be employed it would be 
detrimental.” and, “If you have the appropriate team you do not need to improve anything.  If you 
have the appropriate person with the experience, it's not an issue.  If you didn't have the right 
expertise then you would have a problem and you'd have to put the person with the correct skills 
on the project”. 
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3.5. Section 5: Project Outcomes 
 
3.5.1. (A) Project organisational factors 
 
3.5.1.1. Project case study experiences 
 
There was general agreement that not only had the project achieved its stated objectives; it had 
exceeded them. One comment was, “…it was also able to achieve outcomes for Government 
that were required; employment, regional incentives and aboriginal employment…” 
 
With regard to the level of client satisfaction mixed views were expressed.  It was suggested that 
there was a level of ‘perceived’ satisfaction given that there was limited formal feedback. One 
interviewee stated, “We are all interpreting the fact that there aren’t major criticisms coming as 
the fact that he must be satisfied but again no one has ever said yes look this was terrific, or this 
was great, or I’m really happy with the project. So again not much has been around in the way of 
feedback.” 
 
The safety record was seen as being good, with only minor incidents having been reported.  The 
partnering arrangement was seen as helping with knowledge sharing and collaboration due to 
the creation of an open environment. One comment was, 
“There was a partnership arrangement with the project so it led to a fair amount of openness 
between the two parties and they utilized our knowledge and we utilized their knowledge so 
even though theirs is a commercialised organisation, a private company, I still think that they had 
the objective of doing a good job the same as us, so I think the overall effect was quite a good 
project and the knowledge shared was quite good.” 
 
 It was stated that decisions were never made in isolation and that there was an opportunity to 
make decisions in one’s own field.  Evolution rather than innovation was seen as the dominant 
factor, due to the project teams’ experiences of previous similar projects.  However, one 
innovation that was identified was the use of the web portal for communication. 
 
Decisions were made at the lowest level and expert skills were utilized to achieve consensus.  
As one interviewee stated, “The management style was one of getting the job done and 
collaborating, so I feel that within the bounds of the contract it was good.” 
 
3.5.1.2. Views on future changes / improvements 
 
As this was one in a series of similar projects it was suggested that evolution of the design could 
be a future objective, which could involve the contractor in the design process for their expert 
input.  There was also potential for feedback from the building in use.  Once again, conducting a 
post project evaluation was suggested by an interviewee, “That project has been completed now 
for a few months so I would have thought with a project that size that it would have been 
opportune to have a get together with the client and the consulting team at least a month or two 
after practical to say; hey guys this was rotten, or we liked this bit, or we didn’t like that bit so it 
would be handy to have some sort of post project evaluation and not too far down the track.” 
 
On-going consideration of safety was considered crucial.  Knowledge sharing between parties 
could be improved by having more of a commercial tie between the parties involved. One 
comment was, “…if there was a situation where there was some sort of commercial tie between 
both parties where, not only were you working together under a partnership arrangement, you 
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are working together under a similar commercial situation, it could potentially lead to more 
interaction and closer working relationships and not a them and us sort of attitude.” 
 
In addition more use of ICT could contribute to improved knowledge sharing, and the creation of 
a comprehensive knowledge bank, “…I think we could make it [the web portal] even more useful 
to include minutes of meetings and photographs, specifications and drawings and you name it, 
everything could be there so we are just scratching the surface I think.” 
 
The level of collaboration on the project was seen as being the best that it could be, given the 
type of contract (i.e. traditional).   The need for the client to be an active participant in the 
process, or to delegate this role to others, was also made.  The application of knowledge gained 
to “similar’ types of projects was seen as important. 
 
Management style was seen to be able to develop with regard to an up-front understanding of 
methods, deadlines, consultation processes, selection of appropriate individuals and a clear 
definition of how project success could be measured. 
 
3.5.2 (B) Individual Factors 
 
3.5.2.1 Project case study experiences 
 
All participants were generally satisfied with their performance on the project.  However, one 
comment of relevance was that it was difficult to focus 100% on the project due to other 
commitments.  Creativity was possible in new design details and in the utilisation of the web 
portal. 
 
3.5.2.2. Views on future changes / improvements 
 
One interviewee stated that it was very important, in terms of improving performance on future 
projects, to bring up people as ‘successors’ to take over from others who may move on to higher 
levels in organisations. A culture of `continuous improvement` / `learning by doing` was also 
seen as important. The availability of additional resources could allow for senior team members 
to concentrate on more strategic issues. Finally, future creativity was seen to be contributions to 
new projects, taking into account previous experiences, and the application of Government 
initiatives (e.g. local employment) to private sector projects. 
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3.6. Discussion of Findings 
 
3.6.1. Work design model 
 
The model of work design proposed by Parker et al (2001) was used to structure and formulate 
questions to ask project team participants. It is clear from the results of the data collection that 
the use of this model was valid in that it enabled relevant data to be collected relating to the key 
factors identified from the literature reviewed. The interim report on this research (Gameson and 
Sher, 2002a; p13) stated that the outcome of the data collection and analysis would be a, 
“…critical review of the original model,” to produce: 
 
• if appropriate, a `refined’ model for further, and more rigorous testing beyond this pilot 
phase, and, 
 
• a model which addresses the peculiarities of the construction industry. 
 
It is our view that refinement and further development of the model at this stage is not 
appropriate.  The case study project is not considered to be a `typical` construction project, 
given that it: 
 
• is in the public sector,  
 
• is one of a series of similar projects, and,  
 
• uses an in-house design team, and, a contractor, all of whom have worked on previous 
similar projects for the client. 
 
It is considered that a more significant set of data, encompassing different types of projects and 
participants, would need to be collected to legitimize the production of a refined or revised work 
design model which would be applicable to the construction industry as a whole. 
Notwithstanding the above, the data collected for the case were valuable and relevant in that 
they have served to pilot the methodology used, and represent exemplars of good practice. 
 
Although the model itself is not being directly reviewed, the issues identified in the model, which 
were supported by the review of the literature, are relevant and will thus form part of the 
discussion of the results of the investigation in the following section of this report. 
 
Discussion of the results starts by reviewing the main sections in the work design model against 
the case study data. This is followed by a comparison of the key issues identified from the 
literature review of project team dynamics and virtual environments, as summarized in table 5 of 
the ‘Interim Report’ (Gameson and Sher, 2002a; p10), against the case study data. 
 
3.6.2. Comparison of sections of the work design model with the case study 
results 
 
In this section the principal outcomes of the analysis of the four main sections of the work design 
model (Parker et al, 2001), as defined in the questionnaire, are discussed.  
 
3.6.2.1. Section 2: Project antecedents 
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A distinguishing feature of the case study project was the provision of a web portal by the 
contractor. This ICT system was required by the client and was generally viewed as an effective 
tool. Uptake of the web portal was probably influenced by the priming effect of familiarity of users 
with IT and email.  The level of IT literacy was, arguably, high amongst team members. 
Organisational structure did not inhibit the use of the web portal, although it was only 
implemented during the construction phase of the project. 
 
Whilst skills development was not perceived by the individuals to be a high priority, interviewees 
did appreciate the need for continuing professional development (CPD). Many interviewees 
recognized discrete skills they would like to improve, some within the context of the new and 
unique environments which virtual teams create. 
 
With respect to the economic factors that had an affect on organisations’ work on this project, 
the common thread recognized was the inevitability of macro-economics influencing the 
construction sector (i.e. that Government would use funding of public buildings to regulate the 
national economy). 
 
3.6.2.2. Section 3: Work characteristics 
 
The project team members had a high level of autonomy as they were involved in professional 
work. There was a client in-house design team who had worked on previous similar projects. 
There was potential to use more ICT but there were some problems with technology and 
training, plus a problem of overcoming “meaning transfer” difficulties electronically.   
 
Feedback on performance was limited, requiring formalization into a process / action plan 
(during and post project). Resourcing was a problem at times during the project. A need for 
training, in people and technology skills, and group participation / input to setting milestones was 
another area which was identified as needing to be addressed. 
 
3.6.3. Section 4: Mechanisms and contingencies linking work characteristics with 
project outcomes 
 
One of the themes apparent from the data was a culture of ‘professionalism’.  This is of interest 
as such positive sentiments provide building blocks for further personal development.  
Interviewees identified a diverse number of factors assisting or inhibiting them from responding 
quickly to problems.  These included skills (or lack of them), experience (personal and 
organisational), and interaction with other team members.  Similarly, interviewees noted a range 
of knowledge, skills and understanding they had acquired on the project, including skills in: team 
management, IT, communication, contract risk management, and planning.   
 
The methods / techniques that were used to facilitate interaction between team members were 
seen as effective, and included meetings and workshops, which were enhanced by the use of IT.  
The level of uncertainty about the goals of the project was seen as limited, and did not appear to 
have a major impact of interviewees’ activities. Both IT and individuals’ skills were seen to be 
aligned with the requirements of the project. 
 
3.6.4. Section 5: Project outcomes 
 
The project had Government objectives (e.g. creating local employment) which were achieved. It 
was suggested that there is potential for public and private sector projects to set objectives 
which contribute to the local community. 
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There appears to be no clarity on client satisfaction; and this highlights the need for appropriate 
formalized post project evaluation. Knowledge sharing on the project was promoted by the 
partnering arrangement, although this did not occur until the construction phase when the 
contractor was appointed. Involving all parties, including the contractor earlier in the process, 
particularly during design, was perceived as being beneficial.  It was suggested that the type of 
contract used on a project influences the level of collaboration between project team members.  
There is potential for more ICT usage to create knowledge banks and encourage creativity; thus 
contributing to the creation of an `organisational learning’ culture.  Training of successors, and 
`learning by doing` were seen as being primers that encourage creativity on future projects.  
 
3.6.5. Comparison of key factors from literature with the case study results 
 
The results of the comparison of literature with results from the case study are summarized in a 
tabular format in Appendix II of this report.   This format has been adopted to allow for an easy 
comparison to be made between the key issues identified from literature and the two dimensions 
of data collected from the case study:  participants’ experiences of the case study and their 
reflections on how changes and improvements could be achieved in the future. 
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4.0. CONCLUSION 
 
The ‘earlier section regarding project team dynamics concluded, from a review of relevant 
literature, that it was crucial to understand how project teams function, considering, in particular, 
the effect of the increasing use of ICT within and between the members of such teams, leading 
to teams working more in ‘virtual’ environments.  The key factor in achieving successful 
outcomes was the need for a project team strategy to implement ICT, supported by appropriate 
knowledge, understanding and skills to ensure that the technology was utilized to its full 
potential. 
 
The literature review in the ‘Interim Report’ identified 24 key issues relating to project teams and 
the work of such teams in virtual environments (Gameson and Sher, 2002a; p10).  These factors 
were also present, in differing degrees, in the model of work design (Parker et al, 2001) that was 
utilized to formulate and structure the questionnaire used to collect case study data.   The 
analysis of the case study in this report supports the majority of the key factors from the 
literature.  The project was perceived as being successful by the team members. It was one of a 
series of projects for the same Government client where the majority of the team had experience 
of working together on previous projects.  However, analysis of the data collected suggested 
that, although the project was perceived as being successful, there appeared to be no 
formalized monitoring and feedback systems relating to project, team and individual 
performance.  
 
The ‘Interim Report’ for this research concluded with the following two propositions relating to 
project teams and their use of ICT (Gameson and Sher, 2002a; p13): 
 
• “…the use of ICT could be seen as something which could improve the nature of project 
team performance…to allow team members to concentrate energies on being more creative 
and innovative.” 
 
• “…the use of ICT, without a strategy to ensure that project team members have the 
knowledge, understanding and skills to utilize the technology to its potential, could be 
counterproductive.” 
 
Issues relating to both of the above propositions have emerged in this final report.   
 
For the first proposition, both the literature and finding of the case study support the case for ICT 
leading to improvements in the performance of people and projects.  The use of systems, such 
as the web portal utilized in the case study project, did contribute to a perceived successful 
project outcome.  ICT was seen as facilitating timely solutions, with the potential for further 
development to: incorporate more comprehensive data storage (e.g. drawings and project 
documentation such as minutes of meetings) and the generation of ‘action plans’, possibly 
based upon a database of experiences and ‘lessons’ learned from previous projects. Such 
initiatives would promote a culture of business development encompassing organisational 
learning and continuous improvement. 
 
Evidence to support the second proposition was also present. With regard to ‘people’ issues the 
need for training, and the acquisition and continuing development of appropriate knowledge and 
skills, was seen as crucial.   Ensuring that all project participants ‘engaged’ with systems, such 
as the web portal used in the case study,  was seen as essential to ensure they are used 
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effectively and efficiently. Therefore support is required in terms of skills development, where 
appropriate. In addition, ‘technology’ issues also need addressing. There is a need to ensure 
that ICT systems are both reliable and integrated (e.g. compatible software platforms are used 
by all team members) and that developing technologies, such as video cameras, are utilized.  
 
This research concludes that, given the increasing impact and utilisation of ICT, there is a need 
to investigate further how project ‘success’ is achieved, particularly in relation to developing 
strategies for the  following three areas: 
 
• ‘people’ (e.g. knowledge, skills development and training);  
 
• ‘process’ (e.g. project performance and outcomes); and 
 
• ‘technology’ (e.g. ICT systems: hardware and software).  
 
Baldwin et al (1999; p289) state that business improvement, through the adoption of innovative 
IT strategies, must address three areas: 
 
• efficiency (e.g. doing things right); 
 
• effectiveness (e.g. doing the right things); and 
 
• performance (e.g. doing better things). 
 
Considering the aforementioned strategies and metrics is helpful as it provides a focus for those 
seeking to promote and/or progress the uptake of systems within organisations. 
 
Appendix III of this report presents a ‘project team checklist’ that has been developed from the 
outcomes of this research, informed by both the literature reviewed and the results of the case 
study analysis.  It represents the genesis of a tool that could be used to inform, alert and 
educate project teams, and their participants.  Further research could see the production of an 
integrated suite of tools to evaluate further issues relating to the matrix above.  
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4.1. Recommendations for Future Research 
 
It is recommended that the following areas be investigated by further research: 
 
• Identification and audit of construction project virtual team skills, and review of available 
skills development courses 
 
Although there was consensus that the case study project team possessed the skills required to 
execute their responsibilities, most interviewees acknowledged that they had learnt and / or 
developed skills on the project, but found it difficult to identify the particular aspects / areas that 
had been learned / developed.  With respect to the impact of ICT and construction professionals 
engaging electronically in teams, the identification of the mix of skills required to operate in such 
environments will facilitate targeted (rather than ad-hoc) skills development programs. Goulding 
and Alshawi (2002; p501) note that managers are, "….continually striving to match market 
opportunities with core competence, and increased importance is being placed on understanding 
how skills (and competence) contribute to organisational performance."  An audit of the skills of 
participants in the construction supply chain would provide this strategic advantage as well as a 
focus for the identification of appropriate skills development opportunities. Clearly many skills 
development courses exist at various levels, provided by a variety of organisations.  A review of 
these offerings will enable issues of supply and demand of courses to be identified and will 
highlight new courses to be developed. 
 
• Development of post-project completion ‘debriefing’ and feedback mechanisms to contribute 
to individual and organisational learning. 
 
Much has been written on the importance of the initial stages of a construction project leading to 
the production of a set of client requirements: the project ‘brief’ (e.g. Barrett and Stanley, 1999).  
Conversely, little attention has been paid to the other end of the project delivery process, namely 
the post-completion stage. There are developed processes for evaluating buildings post-
occupancy, to be used by building occupants and facilities managers (Barrett, 1995; p99-110).   
However, there is little evidence of the development and use of ‘de-briefing’ processes to be 
used by project team participants.  
 
This report has identified a need for further research that investigates how project team 
participants throughout the construction supply chain can learn and reflect upon their 
experiences.  This is a fundamental part of business development and organisational learning to 
ensure that people and their organisations learn from their experiences, and feed lessons from 
this into strategies to continually improve their practices. Therefore tools and techniques need to 
be developed to collect, analyze and apply ‘de-briefing’ data.  Such tools could include:  
development of databases to capture  ‘lessons learned’ / ‘reflections’; adoption of key 
performance indicators (KPIs) and the production of published guidelines detailing effective ‘de-
briefing’ tools and techniques. 
 
  
75 
 
6. REFERENCES 
 
 
2.1 Constructability 
 
Adams, S. (1989). Practical Buildability. London, CIRIA/Butterworths. 
 
Banwell, H. (1964). The Placing and Management of Contracts for Building and Civil 
Engineering Work. London, HMSO. 
 
Bishop, D. (1985). Buildability: The Criteria for Assessment. Ascot, Berks, CIOB. 
 
Chen, S. E., McGeorge, D. and Ostwald, M. (1993). The role of information management in the 
development of a strategic model of buildability. Management of Information Technology for 
Construction Conference, Singapore. 
 
Chen, S. E. and McGeorge, D. (1994). “A systems approach to managing buildability.” The 
Australian Institute of Building Papers 5: 75-86. 
 
Chen, S. E., McGeorge, D. and Sidwell, A.C. and Francis, V.E. (1996). A performance 
framework for managing buildability. CIB-ASTM-ISO-RILEM 3rd International Symposium: 
Applications of the Performance Concept in Building, Tel-Aviv, Israel. 
 
Chen, S. E., Francis, V.E., McGeorge, D. and Sidwell, A.C. (1996). Decision Support for 
Constructability. Project Management Directions. D. G. Carmichael, B. Hovey, H. Rijsdijk and D. 
Baccarini. Spit Junction, NSW, Australian Institute of Project Management: 133-140. 
 
CII (1986). Constructability - A Primer. Austin, Texas, Construction Industry Institute. 
 
CII (1987a). Constructability Concepts File. Austin, Texas, Construction Industry Institute. 
 
CII (1987b). Guidelines for Implementing a Constructability Program. Austin, Texas, 
Construction Industry Institute. 
 
CII (1993). Constuctability Implementation Guide. Austin, Texas, Construction Industry Institute. 
CIIA (1992). Constructability Principles File. Adelaide, Construction Industry Institute. 
 
CIRIA (1983). Buildability: An Assessment. London, Special Publication 26. CIRIA Publications. 
 
Coombs, M. (1983). “Buildability: A delegate's view.” Architects Journal 177(15): 47. 
CPSC (1993). Capital Project Procurement Manual. Sydney, Government of New South Wales. 
 
Emmerson, S. H. (1962). Survey of Problems before the Construction Industries. London, 
HMSO. 
 
Ferguson, I. (1989). Buildability in Practice. London, Mitchell. 
 
Francis, V. E. and Sidwell, A.C. (1996). The Development of Constructability Principles for the 
Australian Construction Industry, Construction Industry Institute, Australia. 
76 
 
Francis, V. E., Sidwell, A.C. and Chen, S.E. (1996). Constructability Manual. Adelaide, 
Construction Industry Institute. 
 
Francis, V. E., Sidwell, A.C. and Chen, S.E. (1997). Client Guide to Implementing 
Constructability. Adelaide, Construction Industry Institute. 
 
Gray, C. (1983). Buildability - the construction contribution, CIOB, Ascot. 
 
Griffith, A. (1986). Concept of buildability. Paper presented at the IABSE Workshop: 
Organisation of the Design Process, Zurich, Switzerland. 
 
Griffith, A. and Sidwell, A.C. (1995). Constructability in Building and Engineering Projects. 
Houndmills, Basingstoke, Macmillan Press. 
 
Higgin, G. and Jessop, N. (1963). Communications in the Building Industry: The Report of a Pilot 
Study. London, Tavistock. 
 
Hon, S. L., Gairns, D.A. and Wilson, O.D. (1988). “Buildability: A review of research and 
practice.” Australian Institute of Building Papers 3: 101-118. 
 
Illingworth, J. R. (1984). “Buildability - Tomorrow's need.” Building Technology and 
Management(February): 16-19. 
 
McGeorge, D., Chen, S.E. and Ostwald, M. (1994). A dynamic framework for project decision 
support - Developing soft interfaces for the management of construction projects. CIB W78 
Workshop on Computer Integrated Construction, Espoo, Finland. 
 
McGeorge, D., Chen, S.E. and London, K. (1994). The use of post occupancy evaluation in 
developing a model of buildability. Strategies and Technologies for Maintenance and 
Modernisation of Building, Tokyo, CIB W70. 
 
McGeorge, D., Chen, S.E. and Ostwald, M. (1995). The application of computer generated 
graphics in organisational decision support systems operating in a real time mode. COBRA 1995 
RICS Construction and Building Research Conference, Edinburgh, RICS. 
 
McGeorge, D. and Palmer, A. (1997). Construction Management - New Directions. Oxford, 
Blackwell Science. 
 
Miller, G. (1990). “Buildability - A design problem.” Exedra 2(2): 34-38. 
 
Neasbey, M., Barton, R. and Knott, J.  (1999). Value Management. Building In Value - 
Pre-Design Issues. R. Best and G. de Valence. London, Arnold: 232-247. 
 
 
NEDO (1983). Faster Building for Industry. London, HMSO. 
 
NEDO (1987). Achieving Quality on Building Sites. London, NEDO. 
 
O'Connor, J. T., Rusch, S.E. and Schulz, M.J. (1986). Constructability Improvement during 
Engineering and Procurement. Austin, Texas, Construction Industry Institute. 
77 
 
O'Connor, J. T. and Davis, V.S. (1988). “Constructability during field operations.” Construction 
Engineering and Management 114(4). 
 
Russell, J. S., Gugel, J.G. and Ratke, M.W. (1993). “Documented constructability savings for 
petrochemical-facility expansion.” Journal of Performance of Constructed Facilities 7(1): 27-45. 
 
Tatum, C. B., Vanegas, A. and Williams, J.M. (1986). Constructability Improvement during 
Conceptual Planning. Austin Texas, Construction Industry 
 
2.2 PROJECT TEAM DYNAMICS 
 
Abdomerovic, M. and Blakemore, G. (2002) Project process interactions. International Journal of 
Project Management.  20. 315-323. 
 
Bal, J. and Foster, P. (2000) Managing the virtual team and controlling effectiveness.  
International Journal of Production Research, November, 38(17),  4019-4032. 
 
Bennett, J. (1991) International construction project management – general theory and practice. 
London: Butterworth-Heinemann Ltd. 
 
Blackburn, S. (2002) The project manager and the project- network. International Journal of 
Project Management.  20. 199-204. 
 
Bower, D..J., Hinks J., Wright, H., Hardcastle, C., and Cuckow, H. (2001)  ICTs, 
videoconferencing and the construction industry: opportunity or threat?  Construction Innovation, 
June, 01(02), 129-144. 
 
Bresnen, M. and Marshall, N. (2000a) Partnering in construction: a critical review of issues, 
problems and dilemmas. Construction Management and Economics, 18,  229-237.  
 
Bresnen, M. and Marshall, N. (2000b) Motivation, commitment and the use of incentives in 
partnerships and alliances. Construction Management and Economics. 18,  587-598.  
 
Building Research Establishment (BRE) (1999) Government construction clients’ panel (GCCP) 
supplier satisfaction survey. November. http://www.bre.co.uk  (Accessed 3 November 2001). 
 
Burn, J. Marshall, P. and Barnett, M.  (2002).  e-Business strategies for virtual organisations.  
Butterworth-Heinemann. 
 
Construction Industry Institute (2001) Ensure virtual teams are successful. Hydrocarbon 
Processing. 80(9), p25. 
 
Davis, D. D. (1995) Form, function and strategy in boundaryless organisations. In: A. Howard 
(ed.) The changing nature of work. San Francisco, CA: Jossey Bass. 112-138. 
Department of the Environment, Transport and the Regions (DETR) (1998) Rethinking 
construction. July. http://www.detr.gov.uk (Accessed 3 November 2001). 
 
DETR (2000) KPI report for the minister for construction – by the KPI working group.  January.  
http://www.detr.gov.uk (Accessed 3 November 2001). 
78 
 
Dixon, B. and Cassidy E.J. (1998).  Virtual futures : cyberotics, technology and post-human 
pragmatism.  Routledge. 
 
Duarte, D.L. and Tennant-Snyder, N. (2000) Mastering virtual teams: strategies, tools and 
techniques that succeed. San Francisco: Jossy Bass. 
 
Easterby-Smith, M., Thorpe, R. and Lowe, A. (1991) Management research: an introduction. 
London: Sage Publications Ltd. 
 
Gallivan M.J. (2001).  Striking a balance between trust and control in a virtual organisation: a 
content analysis of open source software case studies.  Information Systems Journal, October, 
11(4), 277-304. 
 
Garnett, N. and Pickrell, S. (2000) Benchmarking for construction: theory and practice. 
Construction Management and Economics.  18,  55-63. 
 
Gioia, D.A, Schultz, M. and Corley, K.G. (2000) Organisational identity, image, and adaptable 
instability. Academy of Management Review. 25, 63-81. 
 
Groak,S. (1992) The idea of buildings. London: E & F N Spon. 
 
Hobbs, B. and Andersen, B. (2001) Different alliance relationships for project design and 
execution. International Journal of Project Management.  19. 465-469. 
 
Hormozi, A.M., McMinn, R. and Nzeogwu,O. (2000) The project life cycle: the termination phase. 
SAM Advanced Management Journal. Winter, 45-51. 
 
Hoyt, B.R. (2000) Techniques to manage participation and contribution of team members in 
virtual teams. WebNet Journal. October-December, 16-19 & 56. 
 
Jackson P.J. (1999).  Organisational change and virtual teams: strategic and operational 
integration.  Information Systems Journal, October, 9(4), 313-332. 
 
Jankowicz, A.D. (1995) Business research projects.  2ed. London: Chapman & Hall. 
 
Jiang, J.J., Klein, G. and Chen H-G. (2001) The relative influence of IS project implementation 
policies and project leadership on eventual outcomes. Project Management Journal. September, 
32(3), 49-55. 
 
Johnson, P. Heimann, V. and O'Neill K. (2001).  The "wonderland" of virtual teams.  The Journal 
of Workplace Learning, 15 January, 13(1), 24-30. 
 
Joy-Matthews, J. and Gladstone, B. (2000).  Extending the group: a strategy for virtual team 
formation.  Industrial and Commercial Training, 32(1) 24-29. 
 
Kagioglou, M., Cooper, R. and Aouad, G. (2001) Performance management in construction: a 
conceptual framework. Construction Management and Economics. 19,  85-95. 
 
Kasper-Fuehrer, E.C. and Ashkanasy, N.M. (2001) Communicating trustworthiness and building 
trust in interorganisational virtual organisations. Journal of Management. 27, 235-254. 
79 
 
Kayworth, T. and Leidner, D. (2000). The global virtual manager: a prescription for success. 
European Management Journal. 18(2): 183-194. 
 
Kayworth, T. R. and Leidner, D. E. (2002).  Leadership effectiveness in global virtual teams.  
Journal of Management Information Systems, 1 January, 18(3), 7-40. 
 
Kristof-Brown, A.L. and Stevens, C.K. (2001) Goal congruence in project teams: does the fit 
between members’ personal mastery and performance goals matter? Journal of Applied 
Psychology. 86(6), 1083-1095. 
 
Lampel, J. (2001) The core competencies of effective project execution: the challenge of 
diversity. International Journal of Project Management.  19. 471-483. 
 
Latham, M. (1994) Constructing the team. July.  Her Majesty’s Stationery Office (HMSO). 
 
Lipnack, J (2000).  Virtual teams : people working across boundaries with technology / Jessica 
Lipnack and Jeffrey Stamps.  Wiley. 
 
Lipnack, J. and Stamps, J.  (1994).  The age of the network : organizing principles for the 21st 
century.  Wiley. 
 
London, K. and Kenley, R. (2001) An industrial organisation economic supply chain approach for 
the construction industry: a review.  Construction Management and Economics. 19(8), 777-788. 
 
Loosemoore, M. (1999) Responsibility, power and construction conflict. Construction 
Management and Economics. 17,  699-709. 
 
Love, P.E.D,  Irani,Z., Cheng, E. and Li, H. (2002) A model for supporting inter-organisational 
relations in the supply chain. Engineering, Construction and Architectural Management. 9(1), 2-
15. 
 
Lurey, J. S. and Raisinghani, M.S. (2001) An empirical study of best practices in virtual teams. 
Information & Management. 38(8), 523-544. 
 
M2 Presswire (2001) UK Government: construction minister hails success of flagship projects. 6 
July 2001. Press Release. http://www.presswire.net (Accessed 5 February 2002). 
 
McDonough, E.F.K., Kahn, B., Barczak, G. (2001). An investigation of the use of global, virtual, 
and colocated new product development teams, The Journal of Product Innovation 
Management. March, 18(2), 110-120. 
 
May, A. and Carter, C. (2001). A case study of virtual team working in the European automotive 
industry. International Journal of Industrial Ergonomics. March. 27(3), 171-186. 
 
Maybury, M., D’Amore, R. and House, D. (2001) Expert finding for collaborative virtual 
environments. Association of Computing Machinery (ACM), communications of the ACM.  
44(12), 55-56. 
 
Mead, S. (2001) Using social network analysis to visualize project teams. Project Management 
Journal. December, 32(4), 32-38. 
80 
 
Morris, P.W.G. (1994) The management of projects. London: Thomas Telford. 
 
Movement for Innovation (2000a) A commitment to people “our biggest asset”: a report from the 
movement for innovation’s working group on respect for people. November. 
http://www.m4i.org.uk (Accessed  5 February 2002). 
 
Movement for Innovation (2000b) A vision shared: the movement for innovation second 
anniversary report. November. http://www.m4i.org.uk (Accessed  5 February 2002). 
 
Nagel, R., Chan, A., Poltrock, S.E. and Engelbeck, G. (1999).  Requirements for a virtual 
collocation environment.  Information and Software Technology, 25 April, 41(6),  331-339. 
 
New South Wales Government. (1996) Code of practice for the construction industry.  July. 
Australia: NSW Government. 
 
New South Wales Government. (1998) Construct New South Wales – seizing opportunities to 
build a better construction industry.  White Paper. July. DPWS Report No. 98022. Australia: 
NSW Government. 
 
New South Wales (NSW). Construction Policy Steering Committee (CPSC)  (1999) Contractor 
performance reporting and exchange of reports between Government agencies: Guidelines. (2nd 
Edition),  December. Department of Public Works and Services (DPWS). Report No 99118. 
Australia: NSW Government.  
 
New South Wales Government. DPWS. (2000a) Perceptions of the construction industry in New 
South Wales – CEO Survey.  February. http://www.cpsc.nsw.gov.au  (Accessed 3 November 
2001) 
 
New South Wales (NSW). Construction Policy Steering Committee (CPSC)  (2000b) Consultant 
performance reporting and exchange of reports between Government agencies: Guidelines. (2nd 
Edition),  October. Department of Public Works and Services (DPWS). Report No 00079. 
Australia: NSW Government.  
 
Nicolini, D., Holti, R. and Smalley, M. (2001) Integrating project activities: the theory and practice 
of managing the supply chain through clusters. Construction Management and Economics. 
19(1), 37-47. 
 
Nidamarthi, S., Allen. R.H., and Sriram, R. D. (2001).  Observations from supplementing the 
traditional design process via Internet-based collaboration tools.  International Journal of 
Computer Integrated Manufacturing, 1 January, 14(1), 95-107. 
 
Olson, G.M. and Olson, J.S. (2000).  Distance Matters.  Human-Computer Interaction, 1 
September, 15(2), 139-178. 
 
Parker, S.K., Wall, T.D. and Cordery, J.L. (2001) Future work design research and practice: 
towards an elaborated model of work design. Journal of Occupational and Organisational 
Psychology. 74, 413-440. 
 
81 
Pauleen, D. J. and Yoong, P. (2001).  Relationship building and the use of ICT in boundary-
crossing virtual teams: a facilitator's perspective.  Journal of Information Technology, 1 
December, 16(4), 205-220. 
 
Pawar ,K.S. and Sharifi S. (2000).  Virtual collocation of design teams: coordinating for speed.  
International Journal of Agile Management Systems, 1 February,  2(2), 104-113. 
 
Pena-Mora F., Hussein, K., Vadhavkar, S. and Benjamin, K. (2000).  CAIRO: a concurrent 
engineering meeting environment for virtual design teams.  Artificial Intelligence in Engineering, 
July, 14(3), 203-219. 
 
Poltrock S. E. and Engelbeck, G. (1999).  Requirements for a virtual collocation environment.  
Information and Software Technology, 41 , 331–339. 
 
Pope, C. (2001) Integrated efforts. Professional Engineering. 14(23), 49-50. 
Potter, R.E., Cooke R.A. and Balthazard, P.A. (2000).  Virtual team interaction: assessment, 
consequences, and management.  Team Performance Management, 1 July, 6(7), 131-137. 
 
Prasad,B. (1998) Decentralized cooperation: a distributed approach to team design in a 
concurrent engineering organisation. Team Performance Management. 4(4), 138-165. 
 
Qureshi, S. and Vogel, D. (2001).  Adaptiveness in virtual teams: organisational challenges and 
research directions.  Group Decision and Negotiation, January, 10(1), 27-46. 
 
Ratcheva V. and Vyakarnam, S. (2000).  A holistic approach to virtual entrepreneurial team 
formation.  The International Journal of Entrepreneurship and Innovation, 1 October, 1(3), 173-
182. 
 
Ratcheva V.; Vyakarnam S. (2001).  Exploring team formation processes in virtual partnerships.  
Integrated Manufacturing Systems, 7 November, 12(7), 512-523. 
 
Rickards, T., Chen, M-H. and Moger, S. (2001) Development of a self report instrument for 
exploring team factor, leadership and performance relationships.  British Journal of 
Management. 12(3) 243-250. 
 
Senge, P.M. (1992) The fifth discipline: the art and practice of the learning organisation. Sydney: 
Random House. 
 
Schon, D.A. (1983) The reflective practitioner: how professional think in action. US: Basic Books. 
 
Smagt, T.V.D. (2000).  Enhancing virtual teams: social relations v. communication technology.  
Industrial Management & Data Systems, 10 May, 100(4), 148-156. 
 
Sotiriou, D. and Wittmer D. (2001) Influence methods of project managers: perceptions of team 
members and project managers. Project Management Journal. September, 32(3), 12-20. 
 
Stough, S., Eom, S. and Buckenmyer, J. (2000).  Virtual teaming: a strategy for moving your 
organisation into the new millennium.  Industrial Management & Data Systems, 16 November, 
100(8), 370-378. 
 
82 
Tullar, W.L. and Kaiser, P.A. (2000) The effect of process training on process and outcomes in 
virtual groups. Journal of Business Communication. October, 37(4), 408-427. 
 
Turner, J.R. and Simister, S.J. (2001) Project contract management and a theory of 
organisation. International Journal of Project Management.  19. 457-464. 
 
Van der Spiegel, J. (1995) New information technologies and changes in work. In A. Howard, 
(ed.) The changing nature of work, San Francisco: Jossey Bass, 97-111. 
 
Veil, C. and Turner, J.R. (2002) Group efficiency improvement: how to liberate energy in project 
groups. International Journal of Project Management. 20,137-142. 
 
Walker, A. (1996) Project management in construction. 3ed. Oxford: Blackwell Science. 
 
Walker, D.H.T. (1995) The influence of client and project team relationships upon time 
performance, Journal of Construction Procurement, 1(1), 4-20. 
 
Walker, D.H.T. (1996) Characteristics of winning construction management teams. CIB W65 
International Symposium for the Organisation and Management of Construction – Shaping 
Theory and Practice, Glasgow, E & F N Spon. 322-334. 
 
Walker, D.H.T. and Shen, Y.J.  (2002) Project understanding, planning, flexibility of management 
action and construction time performance: two Australian case studies. Construction 
Management and Economics. 20, 31-44. 
 
Wang, X. (2001) Dimensions and current status of project management culture. Project 
Management Journal. December, 32(4), 4-17. 
 
Warkentin, M. and Beranek, P.M. (1999) Training to improve virtual team communication.  
Information Systems Journal, October, 9(4), 271-289. 
 
White, D. and Fortune, J. (2002) Current practice in project management – an empirical study. 
International Journal of Project Management. 20. 1-11. 
 
Wiklund, H. and Wiklund, P.S. (2002) Widening the six sigma concept: an approach to improve 
organisational learning. Total Quality Management. 13(2), 233-239. 
 
Winch, G.M. and Carr, B. (2001a) Process, maps and protocols: understanding the shape of the 
construction process. Construction Management and Economics. 19,  p519-531. 
 
Winch, G.M. (2001b) Governing the project process: a conceptual approach. Construction 
Management and Economics. 19,  799-808. 
 
Wong, S-S. and Burton, R.M. (2000).  Virtual teams: what are their characteristics, and impact 
on team performance?  Computational & Mathematical Organisation Theory, December, 6(4),  
339-360. 
 
Yin, R.K. (1989) Case study research – design and methods. Applied social research method 
series, 34, Newbury Park, CA: Sage Publications. 
 
 
83 
2.3 KNOWLEDGE MAAGEMENT AND LEARNING IN TEMPORARY PROJECT 
ORGANISATIONS  
 
Davenport, T. E., R.G. Prusak, L. (1992). "Information Politics." Sloan Management 
Review(Fall). 
 
Egan, S. J. (1998). "Rethinking Construction." The Report of the Construction Taskforce. HSMO. 
UK. 
 
Egbu, C.O (2000) Knowledge management in construction SME’s : coping with the issues of 
structure, culture, commitment and motivation. Proceedings from the 16th Annual Conference of 
the Association of Researcher in Construction Management (ARCOM), 6-8 September, Glasgow 
Caledonian University, UK vol 1, pp. 83-92 
 
Egbu, C.O(1999) the role of knowledge management and innovation in improving construction 
competitiveness. Building Technology and Management Journal. Vol 25 
pp. 1-10. 
 
Egbu, C.O. Sturges, J. & Bates, M (1999) Learning from knowledge management and trans-
organisational innovations in diverse project management environments. Proceedings from the 
15th Annual Conference of the Association of Researcher in Construction Management 
(ARCOM), September, Liverpool John Moores  
University, pp. 95-103. 
 
Egbu, C.O Henry, J. Kaye, G.R. Quintas, P. Schumacher, T.R. Young, B.A (1998) Managing 
organisational innovations in construction. Proceedings from the 14th Annual Conference of the 
Association of Researcher in Construction Management (ARCOM), September 9-11 University 
of Reading UK. Vol 2 pp. 605-614. 
 
Hinks, J. C., H. Wright, H. Hardcastle, C. (2000). "The use of the internet for enhanced 
knowledge management in the construction industry." Proceeding from the 16th Annual 
Association of Researchers in Construction Management (ARCOM)  Glasgow Caledonian 
University 2: 823-832. 
 
Lubit, R. (2001). "Tacit knowledge and knowledge management: the keys to sustainable 
competitive advantage." Organisational Dynamics 29(4): 164-178. 
Newman, B. C., K. (1999). "A framework for categorising knowledge management methods, 
practises and technologies." 
 
Luck, R. (1994). "Construction research in UK Universities and its use by industry." Proceeding 
from the 10th Annual Association of Researchers in Construction Management (ARCOM)  
Loughborough University of Technology, Sept 1. 1: 88-97. 
 
 
 Newman, B. C., K. (1999). "A framework for categorising knowledge management methods, 
practises and technologies." 
 
84 
Rothwell, R. D., M. (1994). "Innovation and size of firm." Handbook of Industrial Innovation 
Edward Elgar, Aldershot Part 3(25): 310-324. 
 
Sanchez, R. H., A. Thomas, H. (1996). "Towards a theory and practice of competence based 
copmpetition." Dynamics of Competence Based Competition: Theory and Practice in the New 
Strategic Management (Editors: Sanchez, R. Heene, A. Thomas, H.) Oxford: Elsevier. 
 
Sapsed, J. B., J. Partington, D. Transfield, D. Young, M. (2002). "Teamworking and knolwedge 
management: a view of converging themes." International Journal of Management Reviews 4(1): 
71-85. 
 
Senge, P. (1990). "The Fifth Discipline: The Art and Practice of the Learning Organisation. 
Doubleday." 
 
Zack, M. H. (1999). "Managing codified information." Sloan Management Review 40(4): 45-57. 
 
 
2.4 VISUALISATION OF COMPLEX PROJECT INFORMATION IN TEMPORARY PROJECT 
INFORMATION 
 
Ahlers, J. and H. Weimer (2002). Challenges in interactive visualisation for knowledge 
management. Sixth International Conference on Information Visualisation, London, IEEE 
Computer Society. 
 
Chen, C. (2002). "Information Visualisation." Information Visualisation 1: 1-4. 
Chittaro, L. (2001). "Information visualisation and its application to medicine." Artifical 
Intelligence in Medicine 22: 81-88. 
 
Falkman, G. (2001). "Information visualisation in clinical Odontology: multidimensional analysis 
and interactive data exploration." Artifical Intelligence in Medicine 22: 133-158. 
  
Gahegan, M., M. Wachowicz, et al. (2001). "The integration of geographic visualisation with 
knowledge discovery in databases and geocomputation." Cartography and Geographic 
Information Science 28(1): 29. 
 
Newman, B. C., K. (1999). "A framework for categorising knowledge management methods, 
practises and technologies." 
  
Peuquet, D. J. and M.-J. Kraak (2002). "Geobrowsing: creative thinking and knowledge 
discovery using geographic visualisation." Information Visualisation 1(80-91). 
  
Pyrke, A. (2001). Data mining, The Data Mine. 2002. 
  
Robinson, N. and M. Shapcott (2002). Data mining information visualisation - beyond charts and 
graphs. Sixth International Conference on Information Visualisation, London, IEEE Computer 
Society. 
  
Shneiderman, B. (1999). Dynamic queries for visual information seeking. Readings in 
Information Visualisation: Using Vision to Think. B. Shneiderman. San Franciso, Morgan 
Kaufmann Publishers, Inc: 236-243. 
85 
  
 
Shneiderman, B. (2002). "Inventing discovery tools: combining information visualisation with 
data mining." Information Visualisation 1: 5-12. 
  
 
Simard, P., F. Ferrie, et al. (2000). Synthetic Vision System for Search and Rescue Helicopters, 
Centre for Intelligent Machines, McGill University, Montreal, Canada.. 
  
 
Spence, R. (2001). Information Visualisation. Barcelona, Addison-Wesley. 
  
 
Wen, Z., Q. H. Mehdi, et al. (2002). A new animation approach for visualising intelligent agent 
behaviours in a virtual environment. Sixth International Conference on Information Visualisation, 
London, IEEE Computer Society. 
  
 
4.0. Research Directions 
 
Baldwin, A., Betts, M., Blundell, D., Hansen, K.L. and Thorpe, T. (1999) Measuring the benefits 
of IT innovation. In Betts, M. (Ed.) Strategic management of IT in construction. London: 
Blackwell Science. Chapter  14, 288-310. 
 
Barrett, P. (Ed.)  (1995) Facilities management: toward better practice. London: Blackwell 
Science. 
 
Barrett, P. and Stanley, C. (1999) Better construction briefing. London: Blackwell Science. 
 
Gameson, R. and Sher, W. (2002a)  Project team integration: communication, coordination and 
decision support. Scoping study part A: project team dynamics – interim report. Unpublished 
report for the Cooperative Research Centre (CRC) for Construction Innovation, July. 25pp. 
 
Goulding, J. and Alshawi, M. (2002) Generic and specific IT training: a process protocol model 
for construction. Construction Management and Economics. 20, 493-505. 
 
Parker, S.K., Wall, T.D. and Cordery, J.L. (2001) Future work design research and practice: 
towards an elaborated model of work design. Journal of Occupational and Organisational 
Psychology. 74, 413-440. 
 
Seidel, J. (1998) The ethnograph v5.0: a users guide. Qualis Research Associates / Scolari, 
Sage Publications Software Inc., California: Thousand Oaks. 
86 
GLOSSARY 
 
3D  Three Dimensional 
BPRG  Building Performance Research Group 
CAD  Computer-aided design 
CII  American Construction Industry Institute 
CIIA  Australian Construction Industry Institute 
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PM  Project Management 
SME’s  Small to Medium Size Enterprises 
VT  Virtual Team 
 
 
87 
APPENDIX I 
 
SEMI-STRUCTURED INTERVIEW OUTLINE WITH SUMMARY 
OF KEY POINTS FOR EACH QUESTION 
 
 
Questions 
 
Name of interviewee:   Not included to maintain confidentiality. 
 
Name of company:  Not included to maintain confidentiality 
 
Position within company:  
 
Summary of Information 
• Senior project coordinator / project architect 
• Client representative 
• Project manager 
• Senior mechanical engineer 
• Principal electronics engineer 
• Senior quantity surveyor 
• Main contractor 
• Subcontractor 
 
Section 1:  Background Information 
 
- How many construction projects are you involved in per year? 
 
Summary of Information 
• A range from 1 to 60, with a combination of large and small projects. 
 
- What types of buildings are you involved in the construction of? 
 
Summary of Information 
• Mostly Government / public buildings. 
 
- What is the average scope of projects that you are involved in, in terms of 
size (m2), cost and timescale? 
 
Summary of Information 
• Cost = $1million to $100 million  
• Time = 1 to 3 years. 
 
- What is the geographic extent of the area in which you operate? 
 
Summary of Information 
• Primarily within one state. 
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- Where does your company base its head office? 
 
Summary of Information 
• State capital city, other state capital city, USA head office. 
 
Section 2:  Project Antecedents 
(A) EXTERNAL ORGANISATION FACTORS 
1. How demanding did you find the client’s requirements for the project? 
Project case study experiences Views on future changes / improvements 
• Not very demanding due to previous 
experience of similar projects 
 
• Revert to previous design and 
construct procurement 
• Increase use of partnering 
• Evolution (i.e. successive projects) 
leads to improvement 
• Need for a detailed client brief 
• Accommodation of technological 
changes 
 
2. Was the technology available to you in your organisation sufficient for you to 
perform your work (e.g. equipment, ICT / computer technology)? 
Project case study experiences Views on future changes / improvements 
• Yes. • Integration of various computer 
systems 
• Improved access to web portal 
• Software compatibility (i.e. same 
versions) 
 
3. Were any ICT systems required by your clients or by members of project team? 
Project case study experiences Views on future changes / improvements 
• Web portal provided by contractor • Wider access to data 
 
4. Did any economic factors have an affect on you organisation’s work on this 
project? 
Project case study experiences Views on future changes / improvements 
• Yes, as it was a public building 
• Competitive tender 
• Government  use of funding for public 
buildings to regulate economy 
• Foreign exchange rates 
• Commercial pressures on public 
organisations 
• Recognise innovations (i.e. the web 
portal) cost money 
 
5. Did the nature of the labour market have an affect on your organisation’s work on 
this project? 
Project case study experiences Views on future changes / improvements 
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• No • No changes foreseen 
 
6. Did political or labour institutions (e.g. unions) have an affect on your organisation’s 
work on this project? 
Project case study experiences Views on future changes / improvements 
• Political: Government objective to 
increase local employment 
• Industrial: stay “on-side” with trade 
unions 
• Accept realities 
 
(A) INTERNAL ORGANISATION FACTORS 
 
7. Is your organisation characterised by a particular style of management? 
Project case study experiences Views on future changes / improvements 
• Variety of styles, with none dominating • None foreseen 
 
8. How structured or unstructured are the tasks that your organisation conducts? 
Project case study experiences Views on future changes / improvements 
• Structured tasks, driven by need for 
standardization and quality assurance 
• No changes to structure foreseen 
• Information technology might influence 
nature of structure of respondents’ 
work 
 
9. How defined or undefined are the tasks that your organisation conducts? 
Project case study experiences Views on future changes / improvements 
• Some definition but variation in extent • Maintain definition 
• Need for a clear project brief 
 
10. Do you have any previous experience of working with the other parties on this 
project? 
Project case study experiences Views on future changes / improvements 
• All had worked together before • Limited opportunity 
• Push technological boundaries 
• Different procurement process 
• Participate more openly with all parties 
 
11. Do you have any previous experience of communicating electronically (using 
email, websites etc) with the other parties on this project? 
Project case study experiences Views on future changes / improvements 
• Primarily use of email • Continuation of use of email 
• More use of web portal 
 
12. Does your organisation use particular communication methods and technology to 
conduct its work?  
Project case study experiences Views on future changes / improvements 
• Predominantly email • Evolution of electronic technology 
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• Some use of CAD, accounting 
applications and intranets 
• Redundancy of use of faxes 
• More user friendly software 
• E-tendering and E-documentation 
 
13. Has your organisation introduced any new communication methods and/or 
supporting technology during your involvement on this project?  
Project case study experiences Views on future changes / improvements 
• Web portal, introduced by contractor • Training in use of portal 
• Extending the portal to more aspects of 
the project 
 
14. Would you say that your organisation was characterized by any particular work 
culture?  
Project case study experiences Views on future changes / improvements 
• Commercial with need to make a profit • None foreseen 
 
(C) INDIVIDUAL FACTORS 
 
15. Do you feel there is a good fit between the characteristics of your work and your 
personal skills? 
Project case study experiences Views on future changes / improvements 
• Yes • People skills development 
• Some technical skills development 
 
16. Do you feel that you have the opportunity to shape and, if appropriate, expand the 
nature of the work you do? 
Project case study experiences Views on future changes / improvements 
• Mixed responses: 63% yes, 37% no. • Personal education 
• Changes in technology 
• Expanding market 
 
17. Do you have any preference for working as an individual or as part of a team? 
Project case study experiences Views on future changes / improvements 
• Preference for team working • No changes foreseen 
 
Section 3:   Work Characteristics on Case Study Project 
(A) GROUP LEVEL 
18. How much autonomy was there within teams working on the project? 
Project case study experiences Views on future changes / improvements 
• General agreement on autonomy / 
independence, achieved through: clear 
definition of responsibilities, in house 
team knowledge of each other and 
team leaders. 
• Team leadership and clear definition of 
requirements important. 
• Autonomy linked to size / prestige of 
project. 
• Can improve coordination between 
team members. 
• Contractor input can influence 
outcome. 
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• Possible problems if trying to introduce 
less experienced team members. 
• Partnering relationships help to work to 
same objectives. 
 
19. How dependent was your work on input from other teams working on the project?  
Project case study experiences Views on future changes / improvements 
• Dependence for information (timely and 
accurate) 
• Independence for design functions, but 
coordination required between 
functions. 
• Use of ICT to improve efficiency in 
communication. 
• Improved coordination: good 
coordinator with people skills 
 
20. If you communicated electronically with other teams working on the project, how 
was this arranged and managed?  
Project case study experiences Views on future changes / improvements 
• CAD (drawings), email, use of project 
web portal 
• Close location of most of team led to 
more meetings. 
• Some IT system problems. 
• Communication plan (e.g. control 
emails) 
• Improve technology (e.g. access) 
• Better training in use of IT to raise 
awareness of potential use 
• Face to face for some crucial activities 
to avoid misunderstandings (e.g. 
emails) 
 
21. If you communicated electronically with other teams working on the project, what 
factors influenced the efficacy of this communication?  
Project case study experiences Views on future changes / improvements 
• Unclear meaning when using emails, 
requiring verification 
• Need access for all to web portal 
system / overcome access problems. 
• Timeliness of  responses; provision of 
sufficient information. 
• Clarity of communication 
• Improved technology (e.g. utilizing 
video and voice) with infrastructure 
support. 
• More familiarization with ICT systems 
• Personal preferences:  electronic 
versus face to face / telephone 
 
22. Was the variety of skills provided by the members of the project team sufficient for 
this project?  
Project case study experiences Views on future changes / improvements 
• Yes • Plan project team 
• Retain expertise on type of projects 
• Maintain quality of team 
 
23. What was the level and nature of feedback provided to teams on the project?  
Project case study experiences Views on future changes / improvements 
• Very variable feedback: formal, 
informal, none. 
• Often assume people know things. 
• Formalise feedback 
• Conduct post-project evaluation / 
debriefing 
• Balanced and constructive feedback 
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 (B) INDIVIDUAL LEVEL  
 
24. Were you happy with the level of control that you had over your work on this 
project?  
Project case study experiences Views on future changes / improvements 
• Yes • Important to understand higher level 
decision making 
• Need management support and good 
team attitude. 
 
25. Did you feel that you had the necessary skills required to perform your work on 
this project?   
Project case study experiences Views on future changes / improvements 
• Yes. • Specialization in a building type. 
• Skills evolve over time 
• Additional courses and research time 
to keep up to date 
 
26. If no to Q25, did you need to develop new skills and, if so, how did you develop / 
acquire these skills?   
Project case study experiences Views on future changes / improvements 
• No answers. • No answers. 
 
27. Were you subject to any performance monitoring on this project?   
Project case study experiences Views on future changes / improvements 
• No clear policy on performance 
monitoring. 
• Mostly informal based on financial 
criteria. 
• Adherence to quality assurance 
systems (e.g. audits) 
• Feedback if project ‘doesn’t’ work. 
• Problem if performance tightly tied to 
fees / hours. 
• Awareness and adjustment of 
resources 
• Conduct a post-project evaluation 
• Use Key Performance Indicators (KPIs) 
defined up front. 
 
28. Did you receive any feedback on your performance on this project? 
Project case study experiences Views on future changes / improvements 
• No formal, structured feedback, other 
than from supervisor. 
• More feedback 
• Balanced feedback: positive / negative 
 
29. Were there any significant conflicts between project team members on this 
project?   
Project case study experiences Views on future changes / improvements 
• No significant conflicts 
• Some personality conflicts 
• Training to deal with people / 
understanding others 
• Get team together early 
• Use partnering 
 
(C) INDIVIDUAL – GROUP INTERACTION FACTORS 
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30. Did you find the balance between demands of work and your personal control over 
your work reasonable on this project?  
Project case study experiences Views on future changes / improvements 
• Demands sometime exceed 
capabilities 
• Limited control over project process, as 
deadlines set by others 
• Availability of more skilled people to 
reduce stress 
• Team approach in setting project 
milestones 
 
31. Did you find the balance between your dependence on other team members and your 
personal level of autonomy reasonable on this project?  
Project case study experiences Views on future changes / improvements 
• Dependence on other team members 
for final coordination 
• Reliance / trust individuals to give right 
advice 
• Right balance between: staff, 
resourcing and interaction. 
• Team reliant on relevant inputs and 
outputs; driven by personalities 
 
Section 4:   Mechanisms and Contingencies Linking Work Characteristics with Project 
Outcomes (Intermediary Outcomes) 
 
(A) MECHANISMS 
 
32. What things motivated you in your work on this project to maximize its outcomes?  
Project case study experiences Views on future changes / improvements 
• Professionalism; do things correctly / 
professionally 
• Perform better than previously 
• Get job done properly 
• Learning from mistakes 
• Pride in work 
 
33. What things assisted in your ability to respond to problems quickly on this 
project?  
Project case study experiences Views on future changes / improvements 
• Experience 
• Interaction between team 
• Using IT acting as a facilitator 
• Good communication 
• Dependant on peoples’ activities 
• Need for more training 
• Database of lessons learned from 
previous projects 
• Sharing IT information 
 
34. What things inhibited your ability to respond to problems quickly on this project?   
Project case study experiences Views on future changes / improvements 
• Distance to site from office 
• Workload 
• Incomplete data 
• Lack of integration 
• Personality conflicts 
• Better site – office communication 
• Better fit of staff to work tasks 
• Improved integration of systems 
• More resources 
 
35. Did you acquire any new knowledge and skills working on this project? 
Project case study experiences Views on future changes / improvements 
• Knowledge of type of project 
• Managing teams 
• Communication skills 
• Contractor involvement earlier in 
process 
• Continuous improvement likely to occur 
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• Using web portal 
• New contract conditions 
• Skills development from involvement in 
a project 
 
36. Did working on this project lead you to develop an increased understanding of the 
work that you do?   
Project case study experiences Views on future changes / improvements 
• Reinforced existing skills 
• Increase knowledge of use of 
equipment 
• Skills development (e.g.: risk 
management, planning, contracts) 
• Fresh challenges as impetus to 
improve understanding due to use of 
web portal 
 
 
37. Were any particular methods/techniques used to facilitate interaction between 
team members on this project?  
Project case study experiences Views on future changes / improvements 
• Meetings 
• Workshops (i.e. value management, 
risk management) 
• Impact of technology (e.g. web portal, 
emails, mobile phones) 
• Improved understanding of new 
contracts 
• Regular meetings 
• System to generate action plans 
• Infrastructure to support electronic 
communications 
 
38. How effective do you feel the methods used to facilitate interaction between team 
members were?   
Project case study experiences Views on future changes / improvements 
• Effective • Enhance facilitation skills to clear up 
problems 
• Understanding of problems 
• More use of web portal 
 
(B) CONTINGENCY FACTORS 
 
39. What was the level of uncertainty in relation to the goals of the project (e.g. 
program, budget, project scope)?  
Project case study experiences Views on future changes / improvements 
• Limited uncertainty 
• Some budget and planning issue 
uncertainties 
• Client needs to know what they want 
• Communication between team 
members early in process 
 
40. Was there a clear alignment between people working in project teams and the 
information and technological support systems available to them (e.g. computer 
systems)?   
Project case study experiences Views on future changes / improvements 
• IT facilities available to all 
• Some did not engage due to not 
wanting to use the technology 
• Need reliable IT infrastructure 
• Opportunity to learn new systems 
before they go live 
• More integration of systems necessary 
 
41. Was the composition of the team, and their skills, appropriate for the project? 
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Project case study experiences Views on future changes / improvements 
• Yes • Use new skills learned on future 
projects 
• Care in wording job descriptions to get 
right people 
 
Section 5:   Project Outcomes 
 
(A) PROJECT ORGANISATIONAL FACTORS 
 
42. Did the project achieve its specified objectives? 
Project case study experiences Views on future changes / improvements 
• Achieved outcomes beyond project 
(e.g. local employment) 
• Evolution of design 
• Familiar project 
 
43. How satisfied was the client with the completed project?  
Project case study experiences Views on future changes / improvements 
• Unclear due to lack of feedback 
• Perceived satisfaction due to no formal, 
balanced positive / negative, feedback 
• Possible feedback from building in use 
• Involve builder in design process 
• Conduct post-project evaluation 
 
44. Did the project achieve a satisfactory safety record?  
Project case study experiences Views on future changes / improvements 
• Yes; only minor incidents • Can always improve: zero accidents 
target 
 
45. How do you feel about the level of knowledge that was shared between project 
team members?   
Project case study experiences Views on future changes / improvements 
• Partnering helped with knowledge 
sharing / utilisation and openness 
• Commercial tie between parties 
• Need right mix of expertise 
• Increase internal knowledge bank 
• More IT usage with a better web portal 
 
46. How do you feel about the level of collaboration in decision-making as it occurred 
on this project?  
Project case study experiences Views on future changes / improvements 
• Openness at all levels 
• Good level of collaboration and 
cooperation 
• Decisions never made in isolation 
• Opportunity to make decisions in own 
field 
• Best given type of contract (traditional) 
• Client needs to be an active participant 
or delegate to others 
• More integrated design system 
 
47. How do you feel about the level of innovation that occurred in this project 
(examples)?   
Project case study experiences Views on future changes / improvements 
• Evolution rather then innovation due to 
experience from previous projects 
• Develop better ways of doing the job 
and satisfying the client 
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• Innovative to use web portal / 
electronic communication 
• Apply knowledge to similar types of 
buildings 
• Develop web portal to include more 
information (e.g. meeting minutes, 
specifications, photographs, drawings) 
 
48. How do you feel about the style of management implemented on this project 
(examples)?   
Project case study experiences Views on future changes / improvements 
• Collaborative style, within the bounds 
of the contract 
• Decision making at lowest level 
• Managers and technicians looking after 
relevant parts 
• Consensus management using experts 
for their skills 
• Go back to way used to be done 
(design and construct) 
• Understand of management method at 
start 
• Consultation between teams 
• Right person for right job 
• Clearer definition of assessment of 
project success 
• Commitment to project and deadlines 
 
(B) INDIVIDUAL FACTORS 
 
49.  How satisfied are you with your performance on this project?   
Project case study experiences Views on future changes / improvements 
• Generally satisfied 
• Not 100% focused on project due to 
other commitments 
• Bringing up people as successors 
• Learn by doing / continuous 
improvement 
• Additional resources to allow focus on 
strategic issues 
 
50. Were you given opportunities to apply your own creativity to your work on this 
project?   
Project case study experiences Views on future changes / 
improvements 
• Design details and variations 
• Web portal 
• Management supportive of personal 
ideas 
• Limited scope as project fully designed 
• Creative on future projects 
• Not all projects are creative 
• Government initiatives (e.g. local 
employment) applied by private clients 
also.  Need to encourage change. 
• Customer needs to structure project to 
encourage creativity. 
 
51. Are there any other issues that you would like to raise regarding your participation 
in the case study project? 
 
• Review industry practices, such as introduction of a 5 day working week on site. 
• Delivery of Government objectives; e.g. local employment.  
• More use of IT, with teaching and training to encourage use. 
• Use of partnering arrangements.  
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APPENDIX II  
 
TABLE SUMMARISING KEY ISSUES FROM LITERATURE 
WITH THE RESULTS OF DATA ANALYSIS OF CASE STUDY 
INTERVIEWS 
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 KEY ISSUES CASE STUDY FUTURE  CHANGES / IMPROVEMENTS 
1 Relationships 
between team 
members 
All of those interviewed had worked with each other 
before.  Relationships appeared to be positive, with 
only minor personality issues being identified.   
Improvements identified included training, promoting 
a ‘partnering’ environment, and coordination of team 
members. 
2 Team building No specific ‘team building’ aspects were identified. No specific ‘team building’ aspects were identified. 
3 Team incentives, 
constraints and 
connections 
Work on the project was characterized as structured, 
with parties depending on others for final 
coordination.  It was noted that balancing work, and 
exercising control over it, could be problematic. 
Setting of project goals as a team was identified as an 
aspect that could improve team performance, as was 
the creation of the right balance between staff, 
resourcing and interaction.  
4 Team integration No particular method of facilitating interaction 
between team members predominated.  
Developments in IT infrastructure were seen as key to 
support electronic communications. 
5 Project success 
criteria 
The project was seen as successful, but the criteria 
for ‘success’ were ill-defined.  
Key Performance Indicators (KPI’s) could be 
incorporated in post project completion evaluations, 
and would serve to inform those involved. 
6 Individuals’ 
performance 
monitoring and 
feedback 
The study highlighted a lack of feedback mechanisms 
to inform individuals about their work performance. 
Feedback to individuals is important because it acts 
as a catalyst in developing staff.  KPI’s would also 
impact at this level as individual performance could be 
linked to project performance. 
7 Project leadership The need for effective leadership was recognised.  No 
particular style of management was dominant on the 
project.  Examples of different styles of management 
were identified as: collaborative, decision making at 
the lowest level, and consensus management using 
experts for their specialist skills. 
A clear definition of project requirements was 
identified as contributing to effective team leadership.  
Suggestions for improving management style 
included reverting to ‘design and construct’, 
understanding management methods at the start of a 
project, facilitating consultation between teams, 
improving selection of personnel, providing clearer 
definitions whereby the success of a project might be 
assessed, and promoting commitment to project and 
deadlines.  
8 Customer (i.e. client) 
demands 
Those interviewed did not feel that the client’s 
requirements were unduly demanding.  However, this 
observation should be viewed in light of the previous 
experience of these parties.  Most noted that they had 
worked or similar projects in the past, and would have 
developed an appreciation of their client’s 
requirements by the time of interview. 
Suggested ways of improving responses to client 
requirements included engaging in different forms of 
procurement (e.g. partnering, design and construct), 
and finding ways to assist clients to identify and 
communicating their requirements. 
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 KEY ISSUES CASE STUDY FUTURE  CHANGES / IMPROVEMENTS 
9 Project performance 
monitoring and 
feedback 
A lack of feedback to teams and individuals (as noted 
in 6) was identified.  Where this was provided, it was 
seen as variable, and assumptions were often made 
that people knew things. 
 
Ways of improving this included formalizing feedback, 
conducting post-project evaluations, and providing 
balanced and constructive feedback. 
10 Skills development Interviewees identified a good fit between the 
characteristics of their work and their personal skills.  
They noted that the variety of skills present in the 
team members was sufficient for the project.  
Individually they felt that they possessed the skills 
required to perform their work.  None identified skills 
that they felt they needed to develop.  However, many 
noted that they had acquired new skills during the 
course of the project.  These included: managing 
teams, communication, use of web portal, contract 
conditions and project knowledge.  Furthermore 
working on the project led to an increased 
understanding in that: it reinforced existing skills, 
increased knowledge, and developed skills (notably in 
the areas of risk management, planning and 
contracts). 
Personal skills that interviewees wished to improve 
included ‘people’ and ‘technical’ skills.  In a team 
environment, planning was seen as an aspect to be 
improved.  Also, interviewees saw it as advantageous 
for project specific expertise to be retained, so as to 
maintain the ‘quality’ of a team.  Interviewees 
appreciated the need for additional courses and 
research time so that they could keep up to date.  
Many noted the evolutionary nature of skills 
development and the danger that these might be lost 
unless used on future projects.   
11 Good communication Email was the main method of communication cited, 
with most participants having experience of the 
medium.  In addition, some communicated using CAD 
and accounting applications. Where geography made 
it possible, face-to-face meetings were conducted.  
However, this was not always possible, and distance 
to site was one of the factors motivating the provision 
of the web-portal.  This was generally seen as an 
effective tool.  Aspects that inhibited communication 
included:  IT problems, unclear meanings of emails, a 
need for all parties to have access to the technology, 
and timeliness of responses.  IT was seen as a 
catalyst, facilitating effective communication. 
Electronic communication was seen as a positive 
development and one that would continue.  
Traditional methods (such as faxes) were likely to 
become redundant and be replaced by new, 
innovative electronic tools.  Training staff to use new 
technology was viewed as an essential component of 
the introduction of new systems.  Electronic methods 
of communicating were not without their problems.  
Those identified included: clarity of communication, 
lack of familiarity of staff with systems, and personal 
preferences.  Interviewees noted a need to improve 
site – office communication.  Ways to achieve this 
included the provision of images (both still and video). 
12 Virtual Teams need Management of project teams was identified as an Wider access to data from other professions was 
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 KEY ISSUES CASE STUDY FUTURE  CHANGES / IMPROVEMENTS 
effective project 
management 
issue.  The virtual element was implicit due to the 
nature of the case study project 
 
 
 
 
 
 
 
requested.   
13 Traditional 
communication 
strategies 
inappropriate to 
Virtual teams 
The web-portal used on the project was new to most 
parties.  Notwithstanding this, most were able to 
engage with it effectively, but not without some 
teething problems.  There were technical challenges 
to overcome, with computer staff from the host 
organisation needing to liaise with some of the other 
parties.  Those using the system appeared to have 
learned how to use it by trial end error. 
Management need to be aware of the training needs 
and costs associated with implementing web-based 
portals.  These are significant, and need to be 
budgeted for. 
14 Cultural issues may 
impinge on Virtual 
Teams 
Commercial awareness was a value espoused by all 
the organisations.  This is interesting, in view of the 
pedigree of many of the parties involved (perhaps 
highlighting a misconception on the spendthrift nature 
of Government organisations).  This awareness 
arguably contributed to the successful nature of the 
project, and to the effective usage of the portal.  
Literature on Virtual Teams with respect to ‘cultural 
issues’ deals with culture from a perspective of 
geography and language.  These aspects were not 
present to any discernible extent in this project. 
No changes to culture were foreseen. 
15 Organisational 
design and structure 
Most organisations operated in a structured manner, 
being driven by needs for standardization and quality 
assurance.  This was seen as contributing to effective 
working.  The organisations were characterized as 
being autonomous, independent and inter-dependant.  
This necessitated a clear definition of responsibilities, 
in house team knowledge of each other, and effective 
Developments in IT might influence the structure of 
tasks.   
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team leaders. 
16 Individuals’ 
commitment / 
involvement 
As professionals, interviewees were committed to 
achieving a successful project. Most preferred to work 
as part of a team and were happy with the level of 
control they had over their own work. 
Interviewees felt that improvements could be made by 
understanding decision-making at a higher level, 
securing the support of management and having a 
‘good’ team attitude. 
17 Geographic proximity 
of team members 
important to 
successful 
communication 
Several of the parties involved were located in close 
proximity to each other.  Notwithstanding this, the 
location of the site and of some of the other parties 
played a part in implementing the web portal. 
 
 
Introduction of a web camera to further enhance 
communication between site and consultants. 
18 Problem solving: 
flexibility and 
commitment 
Approximately 60% felt that they had opportunities to 
shape / expand the nature of their work, whilst 40% 
felt they did not. 
Ways of shaping / expanding the nature of work were 
identified at personal education, changes in 
technology, and expanding market 
19 Importance of clarity 
of roles of members 
within Virtual Teams 
No specific mention was made of this aspect.   
 
 
 
 
 
No specific mention was made of this aspect.   
20 Project complexity This did not appear to be a major consideration.  
Those interviewed had worked on several similar 
projects before, and were familiar with the intricacies 
of the type of building constructed.  
By implication, the comments made by interviewees 
endorsed the skills gained during the construction of 
successive projects.  Development and maintenance 
of skills appears to pay dividends in this respect. 
21 Individual and team 
goals 
There was general agreement that there was 
autonomy / independence within teams working on 
the project.  This was achieved through a clear 
definition of responsibilities, and knowledge of peers 
as well as team leaders.  In some cases, the 
demands of work sometimes exceeded individuals’ 
capabilities, with deadlines being set by others.  A 
catalyst, which appeared to influence project team 
members to maximize outcomes, was 
‘professionalism’. 
Improved autonomy within teams could be as a result 
of team leadership and a clear definition of 
requirements.  Partnering was also seen to provide 
positive input.  It was suggested that the balance 
between the demands of work and an individual’s 
personal control over this could be improved by 
adopting a team approach when setting project 
milestones. 
22 Challenging projects No specific mention was made of this aspect.   No specific mention was made of this aspect.   
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23 Positive project 
environments 
Those interviewed were generally positive.  They 
noted that IT facilities were available to all who 
wished to use it.  They felt that effective methods 
were used to facilitate interaction between team 
members.  There was a good level of collaboration in 
decision making, with openness at all levels. 
Ways to improve project environments were seen to 
include having opportunities to learn new systems 
before they go ‘live’, and increased integration 
between systems.  Also influencing this were the type 
of contract entered into, having clients as active 
participants, and integrated design systems. 
24 Recognition of need 
to employ different 
skills 
On completion of the project, those interviewed did 
not identify any skills that they lacked.  Some noted 
the importance of training in the use of the web-portal, 
and this is consistent with the literature reviewed, 
which indicated that operating in a virtual environment 
necessitated staff engaging new tasks and acquiring 
new skills.  One example is the loss of ‘meaning’ that 
was observed to occur in electronic communication.  
Continuing professional development (CPD) is a 
necessity in the current and future industrial 
environment.  Focused development in discrete areas 
will clearly benefit individuals as well as organisations. 
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APPENDIX III 
 
PROJECT TEAM CHECKLIST 
 
This appendix provides a checklist / framework that may be used to alert staff to team issues.  It represents the start of a tool which 
could be used to alert / inform those about to engage in team activities (in which case the ‘ACTIONS’ column would be filled out, 
documenting activities to occur) and / or as a vehicle to record post contract evaluations of team activities (when entries in the 
‘OUTCOMES’ column would serve to record and classify occurrences on completed projects).  
 
 KEY FACTORS ISSUES  ACTIONS  OUTCOMES  
1 Relationships 
between team 
members 
• Previous experience between 
members? 
• Positive? 
• Negative? 
 
  
2 Team building • Activities? 
 
  
3 Team incentives, 
constraints and 
connections 
• Structure of organisation? 
• Responsibilities for 
coordination? 
• Workload? 
• Resources? 
 
  
4 Team integration • Activities? 
 
  
5 Project success 
criteria 
• Criteria for ‘success’? 
• Key Performance Indicators 
(KPI’s) 
• Post project evaluations 
 
  
6 Individuals’ 
performance 
monitoring and 
feedback 
• Key Performance Indicators 
(KPI’s) 
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7 Project 
leadership 
• Recognition of leadership 
style? 
• Definition of project 
requirements? 
• Consultation between teams? 
• Selection of personnel? 
• Criteria for ‘success’? 
• Commitment to project and 
deadlines? 
 
.   
8 Customer (i.e. 
client) demands 
• Client’s requirements? 
• Different forms of 
procurement? 
• Client briefing? 
 
  
9 Project 
performance 
monitoring and 
feedback 
• Key Performance Indicators 
(KPI’s)? 
 
 
  
1
0 
Skills 
development 
• Fit between work 
characteristics and personal 
skills? 
• Variety of skills present in the 
team members? 
• Team management skills? 
• Communication skills? 
• IT skills? 
• Project knowledge? 
• Risk management? 
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• Planning? 
• Contracts? 
• People skills? 
 
 
 
 
 
 
 
1
1 
Good 
communication 
• IT (Email, CAD etc)? 
• Face-to-face meetings? 
• Web-portal? 
• IT problems? 
• Training? 
• Clarity of communication? 
• Lack of familiarity of staff with 
systems? 
• Personal preferences? 
• Provision of images (both still 
and video)? 
 
  
1
2 
Virtual Teams 
need effective 
project 
management 
• Management? 
• Wider access to data? 
.    
1
3 
Traditional 
communication 
strategies 
inappropriate to 
Virtual Teams 
• Technical challenges? 
• Training? 
• Costs? 
 
  
1
4 
Cultural issues 
may impinge on 
Virtual Teams 
• Commercial awareness? 
• Geography? 
• Language? 
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1
5 
Organisational 
design and 
structure 
• Standardisation? 
• Quality assurance? 
• Definition of responsibilities? 
• Effective team leaders? 
• IT developments? 
 
 
 
 
 
 
 
 
1
6 
Individuals’ 
commitment / 
involvement 
• Professionalism? 
• Commitment to a successful 
project? 
• Work as part of a team? 
• Level of control over own 
work? 
• Understanding of decision 
making at a higher level? 
• Support of management? 
• Good team ‘attitude’? 
•  
  
1
7 
Geographic 
proximity of team 
members 
important to 
successful 
communication 
• Location of parties? 
 
  
1
8 
Problem solving: 
flexibility and 
commitment 
• Opportunities to shape / 
expand the nature of their 
work? 
  
1
9 
Importance of 
clarity of roles of 
members within 
Virtual Teams 
• Role clarification?   
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2
0 
Project 
complexity 
• Experience with previous 
projects? 
• Relevant skills of team 
members? 
•  
  
2
1 
Individual and 
team goals 
• Autonomy / independence 
within teams? 
• Clear definition of 
responsibilities? 
• Knowledge of peers and team 
leaders? 
• Workload? 
• ‘Professionalism’? 
• Team approach in setting 
project milestones? 
  
2
2 
Challenging 
projects 
• Challenging factors? 
   
  
2
3 
Positive project 
environments 
• Provision of IT facilities? 
• Methods of facilitating 
interaction between team 
members? 
• Level of collaboration in 
decision-making? 
• Openness? 
• Opportunities to learn new 
systems before they go ‘live’? 
• Integration between systems? 
• Type of contract? 
• Having clients as active 
participants? 
• Integrated design systems? 
•  
  
2
4 
Recognition of 
need to employ 
• Training in the use of the web-
portal? 
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different skills 
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